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PREFACE. 


It  has  been  my  object  in  writing  this  little  volume  to  intro- 
duce to  English  readers  the  theory  and  practice  of  the  thera- 
peutic employment  of  pure  ferments,  first  propounded  and 
practised  by  De  Backer.  As  yet  there  has  been  no  literature 
upon  the  subject  in  the  English  language,  with  the  exception 
of  an  occasional  paper  in  the  medical  journals. 

It  was  my  intention  at  first  to  have  translated  the  large 
work  by  De  Backer,  but  I found  that  as  a mere  translation 
it  would  not  be  sufficiently  concise  to  be  acceptable  to  the 
English  taste  ; but  I have  very  freely  availed  myself  of  its 
contents,  especially  as  regards  the  parts  dealing  with  the 
earlier  work  immediately  following  Bruhat  s discovery  of  the 
phagocytic  properties  of  yeasts  and  De  Backer’s  subsequent 
experiments  on  animals. 

I have  thought  fit  to  lead  up  to  my  subject  with  a slight 
sketch  of  the  general  physiology  of  our  bodies,  as  many  of 
those  engaged  in  the  active  treatment  of  disease  will  have 
learned  their  physiology  before  bacteriology  had  become  a 
recognised  science.  A glossary  is  also  added,  as  so  many  new 
words  have  come  into  use  during  the  last  few  years. 
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The  illustrations  are  faithful  reproductions  of  drawings 
that  I have  made  from  slides  prepared  in  my  own  laboratory  ; 
the  slide  from  which  the  coloured  plate  was  made  is  still  in 
my  possession,  and  my  thanks  are  due  to  the  artists  who  have 
executed  the  work  so  well,  also  to  those  friends  who  have 
assisted  me  with  the  text  and  proofs. 

The  reasons  that  have  induced  De  Backer  and  myself  to 
employ  this  treatment  in  seemingly  widely  different  diseases 
are  all  stated  in  their  proper  places.  We  endeavour  to  effect 
a cure  by  the  reinforcement  of  the  natural  defenders  of  the 
body,  which  has  to  maintain  a struggle  against  many  enemies 
by  the  one  means  given  to  it. 

33,  Gloucester  Terrace, 

June , 1898. 
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GLOSSARY. 


Actinomyces,  plural  Mycetes  (d/cri s,  a ray ; pvKV s,  fuugus) : The  ray 
fungus. 

Adenitis  (d8ijv,  a gland)  : Inflammation  of  a gland. 

Aerobic  (drip,  air ; ficos,  life) : A term  applied  by  Pasteur  to  those  entities 
which  require  free  oxygen  for  their  growth. 

Alexines  (dXegav,  to  help) : Unstable  albuminoid  compounds,  poisonous 
to  bacteria,  secreted  principally  by  the  leucocytes. 

Alveolus  (Lat.) : A small  cavity  or  space. 

Amphoric  (ap^opevs,  a jar) : Relating  to  a vase  in  shape  or  resonance. 

Ampulla  (Lat.,  a flagon)  : Any  body  having  a similar  shape  to  a jar. 

Anaerobic  ( vide  Aerobic)  : Entities  not  requiring  oxygen. 

Analgesic  (a,  priv.  ; d\ye w,  I suffer  pain)  : (1)  Having  no  sense  of  pain ; 
(2)  possessing  the  power  of  relieving  pain. 

Anastomosis  (ava,  upon;  o-ro/xa,  a mouth):  The  junction  of  vessels  of  a 
similar  nature,  such  as  arteries. 

Aphthae  (dirro,  to  inflame) : Thrush. 

Apncea  (d,  priv. ; 7ri'ew,  I breathe) : Absence  of  air;  cessation  of  respiration. 

Ascites  (dcr/cos,  a leathern  sack) : Dropsy  of  the  abdomen. 

Ascomyces  (do-Kos,  and  /xi'k>/s,  fungus) : A fungus  which  contains  endogenous 
cells. 

Ascospore  (do-Kos,  and  o-71-dpos,  a seed) : An  endogenous  cell. 

Autoclave  (au-ros,  itself ; clavis,  a key) : An  apparatus  for  sterilization 
under  steam  pressure. 

Auto-intoxication  (di’-ros,  self;  to^lkov,  poison):  Poisoning  of  the  indi- 
vidual by  the  accumulation  of  waste  products  formed  within  the  body. 

Beggiatoa  ( J . Beggiato,  an  Italian  botanist) : A species  of  water  fungus. 

Bronchophony  (/dpdyx0 s,  the  wundpipe  ; c/>wW),  the  voice) : The  increased 
resonance  of  a patient’s  voice — heard  by  the  auscultator  in  abnormal 
situations — in  disease. 

Butyric  (ftovs,  a cow) : Relating  to  butter. 

Calcification  (calx,  chalk) : Conversion  of  a structure  by  a deposition  of 
lime  salts. 

Cerevisia  (Ceres,  Lat.) : A fermented  fluid  made  from  grain  ; beer. 

Carreau  (Fr.) : A term  applied  to  a square,  hard,  tumid  condition  of  the 
abdomen  seen  in  children. 

Caseation  (caseuvi,  cheese):  Conversion  into  a yellow,  cheeselike  substance. 


XVI 


GLOSSARY 


Chemiotaxis  (x>//^eia.,  chemistry  ; rants',  order) : Chemical  aliinity  or  repul- 
sion, exercised  by  cells. 

Chlorophyll  (xAcopos,  green)  : The  green  colouring  matter  of  plants. 

Cholesterine  bile ; o-repeos,  solid) : A substance  found  in  the  bile 

and  in  fat  in  the  form  of  thin  rhombic  plates  containing  detritus,  etc. 

Chromogenic  (xpw/xo?,  colour;  yervaw,  I produce):  Possessing  the  power 
of  generating  colour. 

Cilia  ( cilium , an  eyelash) : Yibratile  hairlike  fringes  on  cells,  found  chiefly 
in  the  air-passages. 

Cladothrix  (kA<x8os,  a branch  ; $pi£,  a hair)  : A species  of  water  fungus, 
which  gives  rise  to  a form  of  phthisis  which  is  very  rare. 

Coccus  ( kokkos , a berry) : A genus  of  the  pathogenic  fission  fungi,  occurring 
in  the  form  of  spherical  or  oval- shaped  cells. 

Coryza  (Kopv s,  the  head) : A catarrh  or  cold  in  the  head. 

Crenellated  ( crena , a notch) : Indented  in  the  circumference. 

Crepitation  ( crepitare , to  crackle) : Pine  crackling  like  that  of  hair. 

Dextrose  ( dexter , right) : Glucose,  which  turns  the  plane  of  polarization 
to  the  right. 

Dextrine  : Soluble  gummy  matter  formed  from  starch  by  diastase. 

Diapedesis  (Sid,  through  ; 7rous,  a foot) : The  passage  of  leucocytes  through 
the  wall  of  a bloodvessel  into  the  surrounding  tissues. 

Diaphoretic  (Sid,  through ; </>ope co,  I convey) : Remedies  which  increase 
the  secretion  of  sweat. 

Diastasic  (Sm,  through ; cnwis,  a separation)  : Possessing  the  power  of 
converting  starch  into  glucose. 

Diastole  (Siao-ToA?),  a drawing  apart) : The  passive,  normal  dilatation  of 
the  heart. 

Diathesis  (Siariffy/xi,  I dispose) : A constitutional  tendency. 

Diuretic  (Sid,  through  ; odpew,  I pass  water) : Increasing  the  flow  of  urine. 

Dynamogenic  (Swa/us,  force  ; yevuau),  I produce) : Producing  energy. 

Dyspncea  (Sus,  with  difficulty;  wa o,  I breathe) : Difficulty  in  breathing. 

Efferent  ( cffcro , I bear  away  from)  : Outflowing. 

Encapsulation  ( cajpsula , a capsule) : The  development  round  some  foreign 
body  or  product  of  disease  of  a fibroid  limiting  membrane. 

Endogenous  (evSov,  within  ; yermw,  I produce) : Reproduction  within  a 
cell. 

Endothelium  (eVSov,  and  #aAAo;,  I grow)  : The  lining  cells  of  an  internal 
membrane. 

Encysted  (eV,  in ; kvvtis,  a bladder) : Confined  by  a saclike  membrane. 

Enzyme  (cv,  in ; £i ;/zow,  I ferment) : Soluble  ferments  possessing  neither 
substance  nor  shape. 

Epithelium  (cVi,  upon ; ddAAw,  I grow) : The  most  superficial  cells  of  the 
skin  or  mucous  membrane. 

Epithelioid  (a ri,  0dAAoj,  and  eiSos,  like) : Resembling  epithelium. 

Epistaxis  (c7rt,  upon ; o-ra^w,  I drip) : Bleeding  from  the  nose. 

Exanthemata  (er,  out ; dvtfeoj,  I blossom) : A group  of  contagious  diseases 
characterized  by  rashes. 

Flagella  (Lat.,  a whip) : A fine  whiplike  process. 

Fremitus  (Lat.,  a murmur)  : A trembling  or  quivering  elicited  by  placing 
the  hand  over  the  respiratory  organs  while  the  patient  speaks. 

Furunculosis  (Lat.,  a boil) : A state  of  health  characterized  by  boils. 
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Germicidal  ( germa , a germ  ; ccedcre,  to  kill)  : Possessing  the  powei  of 
killing  germs. 

Gregarinida  ( grex , a herd) : A class  of  Protozoa.  t 

Haemostatic  (a ipa,  blood ; cnracris,  standing) : Possessing  the  powei  of 
arresting  bleeding. 

Hyaline  (mAos,  glass) : Having  the  appearance  of  ground-glass  or  wax. 

Hygroscopic  ( vypos , moist ; o-kottm,  I see) : Having  the  power  of  absorbing 
• moisture. 

Hyphae  (wfyq,  a weaving,  a web) : The  threadlike  appearance  of  the  mould 
fungi. 

Hyphomyces  {v<f>r 7,  a web  ; pvxV s,  fungus) : Mycelial  fungi  of  a branching 
form. 

Hypostasis  ( vtto , beneath  ; o-rufeiv,  to  drip) : Sinking  of  the  blood  or  lymph 
to  the  most  dependent  part. 

Indican  (indicum,  indigo) : A natural  glucoside  found  in  indigo. 

Infarction  ( infarcere , to  fill  in) : A wedge-shaped  area  resulting  from 
plugging. 

Infundibulum  (Lat.,  a funnel) : The  part  of  the  lung  leading  from  the 
terminal  bronchi  to  the  air  cells. 

Intercostal  {inter,  between ; costa,  a rib) : Lying  in  the  space  between 
the  ribs. 

Invertine  ( invertere , to  place  in  a contrary  position) : A ferment  which 
converts  cane-sugar  into  invert-sugar  with  the  properties  of  glucose. 

Karyokinesis  ( Kapvov , a kernel ; xlvgcns,  movement):  The  changes  which 
take  place  in  a nucleus  when  a cell  is  about  to  divide. 

Lacuna  {locus,  a lake) : A little  hollow 

Leptothrix  (A.67TTO?,  thin ; dplg,  a hair) : A fission  fungus  with  thin 
branching  threads. 

Leucine  {Xevxos,  white) : A product  of  pancreatic  digestion. 

Leucomaines  (AevKto/xa,  white  of  egg) : Substances  the  result  of  tissue 
metabolism. 

Leucocyte  (A evxos,  white  ; kvto s,  a cell) : The  white  cells  of  the  blood,  etc. 

Leucocytosis  : A temporary  multiplication  of  leucocytes  in  a part. 

Macrophage  {pdxpo s,  big;  , I eat) : Large-sized  phagocytes. 

Magma  (paypa,  a mass) : A pulpy  mass. 

Medullary  {medulla,  marrow)  : Resembling  marrow 

Mesenteric  {pkcro s,  middle ; iwrepov,  bowel) : Having  to  do  with  the 
mesentery. 

Mesentery  : The  membrane  which  supports  the  small  intestines,  and 
contains  their  bloodvessels. 

Metabolism  {perafSoX^,  change) : The  vital  change  that  occurs  in  tissues. 

Metachromic  {pera,  beyond ; colour)  : Play  of  colours. 

Micrococci  {pixpos,  little ; xoxxos,  a berry) : Synonym  for  cocci. 

Microphage  (/tt/cpos,  and  <j>dy <»,  I eat) : Small-sized  phagocytes. 

Miothrix  {pdwv,  less ; 6pl£,  a hair) : A species  of  the  higher  bacteria. 

Mucorine.®  {pvxrjs,  fungus) : Moulds. 

Mytelia  : Mould  fungi  in  a congeries  of  hyphae. 

Necrosis  (ve/cpos,  death)  : The  death  of  any  limited  portion  of  the 
body. 

Nematodes  (v>//xaTO)Sj/?,  threadlike) : Applied  to  certain  parasitic  worms 
within  the  intestines. 
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Neutrophile  (neuter,  neither;  c/u'Ao?,  loving):  A term  applied  to  cells 
which  do  not  stain  easily  with  either  acid,  neutral,  or  alkaline 
dyes. 

Neurasthenia  (vevpov,  a nerve ; d,  priv.  ; wOevos,  strength) : A morbid 
condition  of  the  nervous  system. 

Nuclein  [nucleus,  a kernel)  : The  active  principle  contained  within  the 
true  nucleus — very  resistant  to  all  reagents. 

Nucleolus  (Lat.)  : A smaller  body  situated  within  the  true  nucleus. 

Palpation  (palp are,  to  feel) : A means  of  diagnosis  by  touching  or  feeling 
with  the  palm  of  the  hand. 

Parenchyma  (irapd,  beside;  ivxeiv>  to  pour  in):  The  fundamental  tissues 
of  solid  organs. 

Pathognomonic  (irddos,  disease ; yvwpov,  a sign) : Indicating  the  presence 
of  certain  pathological  conditions. 

Pectoriloquy  (pectus,  the  chest ; loqui,  to  speak)  : Articulated  sounds 
made  by  the  patient,  which  are  conveyed  by  the  stethoscope  directly 
into  the  ear  of  the  auscultator. 

Peptones  (imneLv,  to  digest)  : Albumins  that  have  been  prepared  by  the 
digestive  ferments  for  absorption  into  the  system. 

Peristaltic  (7 repl,  around ; o-raAcris,  constriction) : A wavy  contraction  of 
the  muscles  around  a circumference. 

Phagocytes  (</>ayeiv,  to  eat ; kvtos,  a cell) : Cells  which  have  the  power 
of  inglobing  particles. 

Phagocytosis  : The  power  possessed  by  phagocytes  of  inglobing  microbes 
and  other  bodies,  these  being  often  digested. 

Phylaxines  ((f>v Aa£,  a guard) : Matters,  protective  against  microbes, 
secreted  by  cells  within  the  economy  ; a kind  of  alexine. 

Pneumolith  (TrvevfjMv,  the  lung ; A l9o<s,  a stone)  : A concretion  formed  in 
the  lung. 

Pseudopodia  (xfevSys,  false ; Trows,  a foot)  : Tendril-like  expansions  thrown 
out  by  leucocytes. 

Pneumothorax  (irvivpa,  wind ; Swpag,  the  chest)  : The  presence  of  air 
within  the  pleural  cavity. 

Ptomaines  (-n-rio/m,  a dead  body) : Toxines,  allied  to  vegetable  alkaloids, 
formed  by  the  decomposition  of  dead  bodies  by  saprophytic  microbes. 
Most  ptomaines  are  very  poisonous. 

Pyogenic  (ttvov,  pus ; yewdu,  I produce) : Pus-forming,  a term  applied  to 
certain  microbes. 

Saccharomyces  (crdKxoipov,  sugar ; /xu/07?,  fungus) : The  sugar  fungus,  or 
yeast,  of  which  there  are  many  kinds. 

Saprophytes  (o-curpos,  decay  ; 4>vrdv,  a plant) : Fission  fungi,  which  derive 
their  nutriment  from  dead  organisms,  or  from  solutions  of  organic 
matter. 

Sarcinze  (sarcina,  a bundle) : A bundle  of  cocci,  containing  cubes  of  four, 
found  in  certain  diseases  of  the  stomach. 

Schizomyces  (cryt^a>,  I cleave ; /ivkyjs,  fungus) : Fission  fungi. 

Sclerosis  (g-kA^os,  hard) : A term  applied  to  any  tissue  that  has  become 
hardened  by  disease,  the  elements  being  gradually  replaced  by  fibrous 
tissue. 

Septate  ( septum , a fence) : Possessing  partitions. 

Sinus  (Lat.,  a canal) : A suppurating  tract  leading  to  a diseased  part. 
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Sordes  ( sorderc , to  be  foul)  : An  accumulation  about  the  lips  and  teeth 
of  a blackish  substance,  containing  particles  of  food,  micro-organisms, 
etc.,  found  in  severe  cases  of  fever. 

Sozines  (o-w£ei v,  to  save) : A kind  of  alexine. 

Spirometer  (cnripos,  breath ; perpico,  to  measure) : An  instrument  for 
measuring  the  quantity  of  air  contained  in  the  lungs. 

Staphylococci  (crra</>vA?y,  a bunch  of  grapes)  : A collection  of  cocci  re- 
sembling a bunch  of  grapes. 

Streptococci  (o-Tpen-Tos,  a chain) : Cocci  that  adopt  a chainlike  formation. 

Streptothrix  (<tt/3£7ttos,  a chain ; Opl£,  a hair) : Higher  bacteria  of  a form 
resembling  chains  of  fine  hairs. 

Succinic  ( succinum , amber) : Pertaining  to  amber. 

Symbiosis  (a- vp,  together  with ; /3 t'os,  life) : A harmonious  community  of 
existence ; microbes  of  different  species  existing  together  in  a part. 

Systole  (owtoA?),  a drawing  together) : The  contraction  of  the  heart. 

Tetracocci  (rerpa?,  four ; koki cos,  a berry)  : Cocci  that  exist  in  double 
pairs. 

Thrombosis  (6p6pf3os,  a clot) : The  development  during  life  of  a clot  within 
a bloodvessel. 

Teletyptic  (reAe,  from  afar;  tvtttm,  to  strike) : A term  applied  to  toxines, 
which  act  injuriously  upon  the  tissues  at  a distance  from  the  bacteria 
which  produce  them. 

Toxalbumin  (to^lkov,  poison ; albumin,  white  of  egg)  : An  active  albumi- 
noid substance,  excreted  by  bacteria. 

Triatomic  (tres,  three ; atomus,  an  atom) : Possessing  three  atoms. 

Tympanitic  ( tympanum , a drum) : Like  a drum  in  regard  to  hollowness 
or  tenseness  of  membrane. 

Tyrosin  (rvpos,  cheese) : One  of  the  products  of  the  waste  of  proteid 
matters. 

Vacuole  ( vacuolum , a little  empty  space) : A tiny  space,  or  minute  drop 
of  fluid,  in  the  protoplasm  of  a cell. 

Velum  (Lat.,  a veil)  : The  soft  palate;  a hanging  partition. 

Vibrio  ( vibrare , to  vibrate) : A bacterium  which  is  curved  or  wavy  in 
shape,  and  not  straight,  such  as  the  comma  bacillus  of  cholera  and 
that  of  relapsing  fever. 

Xanthin  (£av(9os,  yellow) : Urous  acid,  a leucomaine  found  in  all  tissues 
of  the  body,  and  in  the  urine. 

Zyme,  Zymotic  (£iyzow,  I ferment)  : Bodies,  formed  or  not,  that  have  the 
power  of  causing  fermentation. 

Zooglcea  (£wov,  an  animal ; yAotos,  a sticky  substance) : A glutinous  mass 
of  bacteria. 
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CANCER  AND  TUBERCULOSIS 

CHAPTER  I. 

INTRODUCTION. 

The  treatment  of  disease  by  pure  ferments  being  a new 
departure  in  the  domain  of  therapeutics,  it  will  be  imperative 
upon  us  to  render  a clear  explanation  of  their  action  without 
the  animal  body,  and  more  especially  within  it. 

As  their  action  within  the  economy  so  strongly  resembles 
that  of  certain  cells  naturally  existing  there,  to  which  the 
power  is  given  of  defending  it  against  disease,  of  restoring  it 
after  disease,  and  even  of  repairing  it  after  injury,  a short 
sketch  of  the  composition  and  function  of  some  of  the  con- 
stituents of  the  human  body  will  form  a useful  preliminary  to 
our  work.  Following  this  will  be  described  what  ferments 
are  and  how  they  act. 

By  this  means  we  shall  be  the  better  enabled  to  compre- 
hend not  only  the  theory  of  the  treatment,  but  its  practical 
soundness  and  utility.  When  we  have  acquired  this  know- 
ledge, we  shall  then  get  an  insight  as  to  what  kind  of  disease 
is  likely  to  be  arrested  or  cured  by  pure  ferments,  and,  lastly, 
we  shall  find  no  difficulty  in  comprehending  how  it  is  that 
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certain  diseases  seemingly  quite  opposed  to  each  other  in  their 
pathology  may  yet  be  equally  obliged  to  yield  to  their 
influence. 

The  tissues  that  go  to  make  up  the  body,  whether  they  be 
hard  and  dense,  such  as  bone  and  cartilage,  of  varying  degrees 
of  softness,  such  as  muscles,  liver,  etc.,  or  fluid,  such  as  the 
blood  and  lymph,  all  consist  of  cells  or  cells  elongated  into 
fibres,  bathed  in  a certain  amount  of  liquid.  In  the  case  of 
the  denser  structures  this  amount  is  exceedingly  small,  whereas 
in  the  fluid  structures  it  may  be  greater  than  that  of  the  cells. 
These  cells  are  arranged  in  different  shapes  and  patterns  to 
form  organs,  each  of  which  has  its  own  particular  pattern  to 
enable  it  to  perform  its  own  particular  function;  these  functions, 
either  of  excretion,  secretion  or  metabolism,  are  performed 
actually  by  their  individual  or  intrinsic  cells,  which  have 
gradually  acquired  the  special  knowledge  and  power  of  so 
doing  during  the  course  of  countless  generations  proceeding- 
through  aeons  of  time.  This  power  is  increased  and  still 
further  differentiated  as  it  is  handed  down  from  generation  to 
generation  : the  process  is  still  going  on  ; there  is  no  standing 
still,  consequently  it  may  happen  that  future  ages  will  see 
the  perfect  development  and  acquirement  of  new  functions  in 
certain  cells  of  the  brain,  the  outcome,  perhaps,  of  the  humble 
and  infinitesimal  beginnings  generated  by  the  efforts  of  the 
thinkers  and  brain-workers  of  to-day. 

It  seems  extraordinary  that  such  a complex  whole  as  is 
the  human  body  can  be  built  up  from  one  type  only,  that  of 
a sincde  cell.  Yet  it  is  so,  and  it  is  maintained,  nourished, 
and  even  repaired,  by  cells  also.  I have  just  mentioned  the 
human  body,  but  I do  not  thereby  exclude  other  bodies,  for 
everything  that  has  life,  whether  animal,  vegetable,  or 
possessing  some  of  the  attributes  of  both,  is  either  a simple 
cell  in  itself  or  a more  or  less  complex  collection  of  cells. 

Let  us,  then,  study  for  a little  while  what  is  a cell.  This 
may  be  said  to  be  a minute  portion  or  little  speck  of  living 
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substance  resembling  gelatine  in  appearance  and  stickiness. 
This  material  is  called  protoplasm,  from  two  Greek  words 
which  mean  ‘the  first  substance  moulded’  or  brought  into 
form.  The  protoplasm  of  a vegetable  cell  is  enclosed  within 
a delicate  envelope,  or  cell  membrane,  but  this  is  very  rarely, 
or  never,  the  case  with  animal  cells,  or  it  may  be  that  it  is 
too  fine  and  delicate  to  be  distinguished.  Almost  all  cells 
contain  within  them  an  object  which  appears  like  a smaller 
cell.  This  is  invariably  enveloped  in  a membrane,  and  is 
termed  the  nucleus  (kernel).  There  may  be  only  one  or  several 
nuclei  within  a cell,  and  these  nuclei  may  contain  within  them 
certain  bright  bodies  called  nucleoli.  These  will  be  referred 
to  presently. 

The  protoplasm  of  a cell  consists  of  a substance  (muco- 
globulin)  which  is  very  similar  to  albumin  in  its  chemical 
constituents,  and  very  like  gelatine,  as  we  have  said,  though 
it  is  not  always  quite  clear,  but  may  present  a granular 
appearance  to  the  eye.  This  is  due  to  the  fact  that  the  proto- 
plasm is  not  entirely  homogeneous,  or  made  up  of  the  same 
structure.  This  is  made  apparent  by  a higher  magnification 
under  the  microscope  and  staining  reagents,  whereby  we  find 
that  two  distinct  structures  are  present,  one  of  which  is  reticu- 
lated like  a network  ball  or  a sponge  with  more  holes  than 
substance,  from  which  it  has  received  the  name  of  spongio- 
plasm  ; the  other  substance  is  clear  and  transparent,  hence  it 
is  called  hyaloplasm,  from  a Greek  word  meaning  * glass.’  This 
substance  possesses  the  peculiar  property  of  projecting  itself 
outside  the  spongioplasm,  and  of  flowing  around  any  substance 
that  may  come  in  its  way  ; it  then  withdraws  itself  into  the 
spongioplasm,  taking  with  it  the  acquired  foreign  substance, 
holding  it,  and  never  quitting  it,  if  a solid  particle,  until  the 
death  of  the  cell,  but  it  maybe  thrown  out  as  a waste  product 
of  digestion  when  the  cell  chooses,  should  the  particle  in- 
globed  have  been  of  an  organic  nature.  This  incorporation 
of  solid  particles  within  the  cells  is  well  seen  in  the  case  of 
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tattooing,  which  is  permanent.  The  flowing  movement  of  the 
hyaloplasm  is  specially  well  seen  in  certain  cells,  such  as  the 
or  colourless  cells  of  the  blood ; these  throw  out  long 
processes  of  hyaloplasm  like  the  tentacles  of  an  octopus,  and 
along  one  of  the  tentacles,  or  pseudopoclia,  as  they  are  termed, 
the  spongioplasm  is  enabled  to  flow,  for  it  is  quite  elastic  and 
able  to  adapt  itself  to  any  shape  : hence  by  this  alternate  projec- 
tion and  concentration  in  the  new  direction,  a kind  of  progres- 
sion occurs  which  has  been  termed  the  ‘ amoeboid  movement, 
on  account  of  the  close  resemblance  it  bears  to  that  adopted 
by  the  amoebae,  which  are  microscopic  animalcules  of  the  most 
primitive  type. 

By  means  of  this  gliding  movement  the  leucocytes  are 
enabled  to  traverse  seemingly  solid  structures,  through  whose 
walls  they  pass  by  insinuating  themselves  between  the  various 
layers  and  the  very  cells  of  those  layers ; they  may  then 
wander  at  will,  or  perhaps  lie  dormant  within  the  connective 
tissue.  This  traversing  movement  is  called  cliapedesis,  and  is 
so  performed  that  in  the  healthy  state  not  a droj)  of  fluid 
escapes  with  the  cell  unless  it  is  desired  that  it  should  be  so. 

The  nucleus  of  a cell,  as  we  have  said,  is  always  surrounded 
and  enclosed  by  a membrane ; this  membrane  is  connected 
throughout  by  bands  or  fibres  of  various  thicknesses,  passing 
from  one  part  of  its  inner  periphery  to  another  ; this  is  called 
the  intranuclear  network,  and  represents  what  in  a higher 
entity  would  be  the  skeleton.  At  a certain  point  or  points  of 
this  network  appear  enlargements  ; these  are  called  nucleoli. 
This  framework  or  skeleton,  consisting  of  investing  membrane, 
intracellular  network  and  nucleoli,  stains  easily  and  deeply 
with  most  dyes,  hence  it  has  received  the  name  of  chromo- 
plasm, and  its  fibres  are  called  chromatic. 

All  tissues  of  the  body  require  new  material  for  their 
nourishment  and  growth,  as  well  as  for  the  maintenance  of 
their  special  functions,  from  a supply  of  raw  material ; equally 
essential  is  it  that  their  waste  productsbe  removed.  When  these 
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processes  are  harmoniously  balanced,  the  body  is  then  truly  in  a 
state  of  health.  It  stands  to  reason  that  the  cells  which 
compose  the  fixed  tissues  of  the  body — bones,  muscles,  heart, 
lurms,  liver,  etc. — cannot  £0  and  fetch  material  for  themselves, 
hence  it  follows  that  carriers  must  be  provided  for  them,  and 
certain  cells  of  the  fluids  of  circulation  are  told  off  for  that 
purpose.  They  are  found  in  the  streams  of  the  blood  and  of 
the  lymph,  and  are  here  known  as  corpuscles ; they  are  of  the 
red  and  white  variety,  but  although  the  blood-current  con- 
tains both  kinds — but  chiefly  the  red,  in  the  proportion  of 
nearly  500  to  1 of  the  white — the  lymph-current  contains 
white  corpuscles  only.  The  fluid  that  bears  them,  however, 
is  practically  identical ; hence  blood  may  be  said  to  be  lymph 
containing  red  corpuscles,  and  lymph  may  be  appropriately 
termed  blood  deprived  of  them.  There  is  a slight  difference 
which  varies,  as  does  also  the  plasma  of  the  blood,  for  the 
lymph,  even  including  the  lymph  in  the  mesenteric  vessels,  is 
a stream  proceeding  from  the  tissues,  consequently  it  must 
contain  certain  products  of  waste.  To  a certain  extent  this 
is  also  true  regarding  venous  blood,  though  to  a very  much 
less  extent.  The  arterial  stream,  on  the  contrary,  conveys 
new  material  dissolved  within  it  to  the  tissues,  yet  is  not 
without  waste  product  even  then,  as  evinced  by  the  excretion 
of  the  kidneys. 

First  let  us  trace  the  function  of  the  blood  with  its  red 
cells,  after  it  has  been  thrown  into  the  general  circulation  by 
the  left  side  of  the  heart,  every  red  cell  brim  full  of  oxygen, 
the  plasma  or  fluid  enriched  with  new  material.  It  travels 
along  the  arteries,  which  gradually  diminish  in  size  until  they 
become  so  small  that  they  do  not  need  the  firm  coating  with 
which  they  were  originally  supplied,  consequently  they  are 
modified  into  vessels  called  capillaries,  from  their  extreme 
fineness.  Arrived  here,  the  blood  moves  much  more  slowly, 
in  order  to  give  more  time  to  the  corpuscles,  which  in  the 
slackened  stream  are  able  to  part  with  their  oxygen  to  the 
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cells  of  the  tissues  that  require  it,  receiving  carbonic  acid  in 
exchange.  As  the  stream  flows  onwards,  and  the  interchange 
is  effected,  the  capillaries  gradually  change  their  character, 
and  become  larger,  until  they  are  indistinguishable  from  small 
veins.  When  this  point  is  reached,  the  rate  of  current  is 
again  accelerated. 

During  the  period  that  the  circulation  is  retarded  within 
the  capillaries,  a certain  proportion  of  the  fluid  of  the  blood 
exudes  through  their  thin  walls  into  the  surrounding  tissues, 
thus  bathing  the  cells  of  which  these  tissues  are  composed,  and 
yields  up  to  them  those  soluble  matters  which  they  need,  each 
according  to  its  kind,  and  consequently  select  out  of  it.  The 
fluid,  thus  denuded,  does  not  return  to  the  blood-current  in 
the  capillaries,  but  enters  the  lymphatics,  which  are  vessels 
which  arise  by  open  mouths  or  spaces  within  the  tissues, 
gradually  adopt  a more  definite  structure  with  a distinct 
lining,  and  finally  run  into  glands,  within  which  a species  of 
filtration  takes  place.  The  lymph-stream,  thus  purified,  flows 
on  mechanically,  either  through  other  glands  or  not,  but  in 
any  case  into  large  lymphatic  trunks,  which  pour  their 
contents  into  the  junction  of  the  large  veins  at  the  root  of 
the  neck.  The  lymph  thus  passes  into  the  venous  stream, 
and  is  carried  with  it  directly  into  the  heart,  whence  it  is 
immediately  pumped  into  the  lungs. 

The  large  lymphatic  duct  on  the  left  is  much  larger 
than  its  fellow  on  the  right,  for,  in  addition  to  receiving  the 
lymph-stream  from  the  lower  limbs  and  abdominal  organs,  it 
also  receives  the  whole  of  the  chyle  absorbed  in  the  intestines 
from  the  food  elaborated  therein,  and  rendered  thereby  fit  for 
absorption.  This  is  taken  up  by  the  open  mouths  of  these 
lymphatics,  here  termed  lacteals  (from  the  milky  appearance  of 
their  contents),  and  poured  into  a receptacle  from  which  this 
large  trunk,  called  the  thoracic  duct,  arises.  It  is  through 
this  that  the  blood  obtains  almost  all  the  nutriment  for  the 
body  generally,  together  with  a portion  of  its  waste.  Some 
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of  the  nutritious  elements  from  the  food,  however,  get  directly 
into  the  circulation,  and  proceed  to  the  liver,  as  we  shall  see 
when  we  come  to  speak  about  diabetes.  On  account  of  the 
waste  products  within  it,  the  blood  has  to  be  cleaned,  which 
duty  is  performed  by  the  lungs,  the  skin,  and  the  kidneys, 
each  of  them  possessing  their  own  peculiar  attributes,  yet 
having  the  power  of  assisting  each  other,  should  one  of  them 
become  disabled. 

The  red  blood  cells  are  minute,  biconcave  discs,  resembling 
coins  with  very  thick  edges,  like  the  pre-\  ictorian  pennies. 
They  are  like  coins  in  another  respect  also,  for  they  have  a 
tendency  to  run  together  like  rouleaux.  They  only  measure 
about  the  of  an  inch  in  their  greatest  breadth,  but 

are  exceedingly  numerous,  1 cubic  millimetre  containing  about 
five  millions  of  them.  They  are  of  a pale  yellow  colour  under 
the  microscope,  although  the  blood  is  red,  owing  to  the  great 
number  of  them  in  that  fluid.  In  substance  these  red  cor- 
puscles are  soft,  homogeneous  and  elastic,  for  if  pressed  out  of 
shape,  they  rapidly  regain  it  when  the  pressure  is  removed. 
They  do  not  appear  to  be  possessed  of  a limiting  membrane, 
neither  have  they  any  nucleus  (in  mammals).  They  contain  a 
peculiar  ferruginous  principle  called  haemoglobin,  which 
normally  exists  in  two  forms,  which  differ  as  to  the  quantity 
of  free  oxygen  they  contain. 

When  the  blood  has  been  pumped  from  the  heart  into  the 
lungs,  it  there  meets  with  free  oxygen,  which  is  at  once  seized 
upon  by  the  haemoglobin,  with  which  it  enters  into  a loose 
combination,  thereby  acquiring  that  bright  red  tint  seen  in 
arterial  blood,  and  in  the  frothy  expectoration  of  acute 
haemoptysis.  After  the  oxygen  has  been  acquired  in  the 
lungs,  the  charged  corpuscles  are  carried  in  the  blood- stream 
to  the  left  side  of  the  heart,  which  immediately  sends  them 
forth  with  the  fluid  surrounding  them  into  all  parts  of  the 
system.  On  reaching  the  capillaries  they  are  introduced  by 
the  slackened  current  to  tissues  that  require  oxygen,  but  can- 
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not  fetch  it  for  themselves.  When  they  have  received  car- 
bonic acid  in  exchange,  they  speedily  return  by  the  veins  to 
the  lungs,  there  to  yield  up  their  burden  of  waste,  and  again 
acquire  a fresh  consignment  of  oxygen.  These  interchanges 
are  effected  within  the  capillaries,  for  in  health  the  red  cells 
never  quit  their  vessels. 

Now  we  see  that  the  fluid  of  the  blood  carries  soluble  food, 
acquired  from  the  lacteals,  in  the  shape  of  proteids,  carbo- 
hydrates, fats  and  salts,  as  well  as  the  waste  products  of 
exchange,  which  are  returned  by  the  lymph,  as  already  ex- 
plained, also  that  the  red  cells  carry  oxygen  or  carbonic  acid, 
as  the  case  may  be.  These  interchanges  of  nutrition,  repair, 
and  waste  are  all  grouped  under  the  term  metabolism,  from  a 
Greek  word  meaning  ‘ change.’ 

The  white  cells,  colourless  corpuscles,  or  leucocytes,  are 
typical  cells,  as  we  have  already  described.  They  play  quite 
a different  part  to  that  played  by  the  red  corpuscles,  for  these 
leucocytes  are  not  common  carriers,  nor  do  their  functions 
seem  limited  to  any  one  particular  business  ; they  seem 
endowed  with  an  intelligence  entirely  their  own,  wander 
about  or  rest  at  will,  and  appear  to  exert  a watchful  and  pre- 
servative action  over  the  economy,  exercising  the  duties  of 
foremen  of  works  and  of  police  ; they  multiply  by  division, 
and  are  chiefly  formed  in  the  spleen  and  lymphatic  glands  ; 
they  are  capable  of  repairing  any  tissue  that  may  accidentally 
get  injured.  Should  bacteria  invade  the  system,  they  rush  to 
the  point  of  invasion,  and  repulse  the  attempt  by  inglobing 
and  digesting  the  invader  if  not  strong,  or  fighting  and 
wrestling  with  him  if  strong  and  numerous,  many  of  them 
dying  in  the  struggle ; these  may  be  absorbed,  but  if 
numerous  they  undergo  coagulation  necrosis,  by  which  their 
shape  becomes  altered,  and  are  eliminated  from  the  system  as 
pus  cells. 

Their  powers  do  not  end  here,  for  whether  existing  as 
leucocytes  in  the  blood,  wandering  through  the  vessel  walls 
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into  the  tissues,  or  lying1  dormant  within  them,  they  are 
capable  of  secreting  within  their  protaplasm  soluble  substances 
which  are  excreted  into  the  lymph  or  blood  stream,  thus 
protecting  the  system  from  the  poisonous  effects  of  the  waste 
products  of  metabolism  (leucomaines). 

In  disease  these  secretions  are  intensified,  and  are  called 
alexines ; they  are  modifications  of  the  nucleins,  or  active 
chemical  constituents  of  the  nuclear  matrix  and  hyaloplasm 
of  cells.  Nuclein  is  a muco-globulin  containing  a very  con- 
siderable quantity  of  phosphorus,  as  will  be  seen  by  the  sub- 
joined analyses  : 


From  Leucocytes. 

C = 49-58 
H = 710 
N = 15-02 
P=  2-28 


From  Brain. 

C = 50-06 
H = 7-60 
N = 13-18 
P = 1-89 


From  Yeasts. 

C = 29-00 
H = -49 

O = 32-00 
P = 6-00 


Leucocytes  contain  several  proteids,  an  alkaline  albuminate, 
a proteid  that  coagulates  at  48°  C.,  another  resembling 
myosin,  also  paraglobulin,  peptone,  a coagulating  ferment,  and 
nuclein. 

One  of  the  objects  of  this  work  will  be  to  show  that  other 
bodies  (cells)  possess  virtually  the  same  chemical  constituents, 
the  same  inglobing  attribute,  and  the  same  power  of  neutraliz- 
ing or  destroying  the  products  of  bacteria.  These  cells  are 
derived  from  the  family  of  the  Saccharomyces,  or  sugar  fungus, 
commonly  known  as  yeasts. 

We  shall  now  proceed  to  describe  them  and  their  functions, 
first  explaining  the  different  kinds  of  ferment  that  are  met 
with  in  Nature. 

By  the  term  ‘ ferment  ’ we  mean  an  agent  or  bodv  derived 
from  the  vegetable  or  animal  kingdom  which  possesses,  under 
certain  conditions,  the  power  of  initiating  chemical  changes 
and  metamorphoses  in  complex  organic  substances,  and  of 
maintaining  the  phenomena,  provided  that  the  products  of  the 
change  be  removed  when  formed. 

1 hese  ferments,  or  zymes  (£v/uou,  I ferment — hence  the  term 
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zymotic,  as  applied  to  disease),  are  of  two  kinds  : the  first 
possesses  a definite  organism  and  shape  or  form,  from  which 
they  are  termed  ‘ formed  ferments  the  second  possesses 
neither  substance  nor  shape — they  are  termed  enzymes,  and 
are  soluble. 


Formed  Ferments. 

These  consist  of  single  cells,  differing  in  shape,  form,  size, 
and  mode  of  growth,  according  to  the  different  species  to 
which  they  belong.  They  are  vegetable  cells,  classed  in  the 
same  natural  order  as  that  of  the  Fungi  or  Mycetes  (^uv/o/c, 
fungus),  which  are  of  the  lowest  order  of  vegetable  life,  the 
formed  ferments  belonging  to  the  lowest  sub-order.  Their 
cells  possess  a cell  wall,  or  envelope,  and  are  consequently 
classed  as  vegetables,  although  some  of  them  behave  so  much 
like  animal  cells,  and  have  so  little  in  common  with  vegetable 
life,  as  to  make  us  wonder  whether  here  is  not  probably  the 
link  which  connects  the  two  kingdoms,  constituting  what  has 
been  happily  termed  by  Michael  Foster  the  ‘ wavering 
barrier,’  which  is  indeed  a hedge  so  thin,  and  containing  so 
many  gaps,  that  often  we  really  cannot  tell  upon  which  side 
we  are  standing. 

The  following  properties  are  invariably  possessed  by  formed 
ferments  : 

1 . Of  being  organized  nitrogenous  compounds. 

2.  Of  being  endowed  with  life,  i.e.,  of  being  unstable,  and 

capable  of  having  their  powers  impeded  by  chemicals 
and  other  causes. 

3.  Of  being  able,  whilst  in  relatively  small  proportion  to 

the  substance  acted  upon,  to  produce  great  changes 
in  that  substance. 

They  may  be  arranged  in  three  groups  : (1)  The  Moulds, 
mycelial  fungi,  or  Hyphomycetes ; (2)  the  Yeasts,  sugar  fungi, 
or  Saccharomycetes ; (3)  Bacteria,  fission  fungi,  or  Schizo- 
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mycetes.  Most  of  the  members  of  the  first  group,  and  all 
those  of  the  second  and  third,  are  capable  of  setting  up  the 
phenomenon  called  fermentation,  when  in  suitable  media  and 
conditions. 

I.  THE  MOULDS. 

The  moulds,  which  are  usually  seen  upon  the  surface  of 
food,  fruit,  wood,  etc.,  when  left  in  a damp  atmosphere,  are 
usually  agents  of  disintegration  and  putrefaction.  Some  of 
them  are  pathogenic,  more  usually  to  the  exterior  of  man- 
kind, such  as  those  to  which  the  diseases  called  favus  and 
ringworm  are  due.  As  an  exception  to  this,  there  is  the 
terrible  Actinomyces,  which  is  difficult  to  class,  as  it  possesses 
many  of  the  attributes  of  moulds,  such  as  forming  a mycelium, 
whilst  in  other  respects  it  resembles  the  higher  bacteria. 
Moulds  propagate  by  spores  or  conidia,  which  are  very  re- 
sistant to  heat  or  chemical  reagents.  This  group  is  divided 
into  four  sub-orders,  according  to  the  arrangement  of  their 
seed-bearing1  organs. 

o o 

It  is  the  first  sub-order,  that  of  Mucorineae,  which  chiefly 
concerns  us  here,  for  it  is  principally  members  of  this  division 
that  set  up  chemical  metamorphoses  in  saccharine  liquids. 
They  hinder  and  spoil  the  action  of  the  true  sugar  fungus,  if 
in  any  quantity  ; they  will  also  grow  and  feed  upon  yeast  that 
is  exposed  to  the  air. 

IT.  THE  YEASTS. 

The  yeasts  are  a group  of  organisms  which,  under  the 
microscope,  appear  round,  oval,  elliptical,  some  of  a peculiar 
sausage-like  shape,  and  others  like  an  amphora  or  a medlar 
fruit.  They  are  little  membranous  bags  with  the  character- 
istics of  vegetable  cells,  generally  reproducing  themselves  by 
gemmation  or  budding,  the  buds  resembling  the  spores  of 
fungi,  and  are  consequently  termed  conidia.  Under  certain 
conditions  these  conidia  form  chain-like  hyphge,  and  under 
other  conditions  may  form  endogenous  spores  (ascospores). 
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1 here  is  a large  number  ol  different  species  of  yeasts,  some 
species  containing  numerous  varieties.  The  Sctccluivo'inyces 
eUipsoideus  is  an  important  agent  in  the  fermentation  of 
wine,  while  the  Sciccharomyces  cerevisics  is  the  most  import- 
ant in  that  of  beer,  or  in  the  fermentation  of  malt  for  the 
distillation  of  spirit.  Of  these  two  species  there  are  innumer- 
able varieties,  which  are  not  capable  of  being  differentiated, 
even  under  the  microscope,  but  which  give  rise  to  the  various 
bouquets  and  characteristics  generally  of  the  products  of  the 


Fig.  1. — Yeasts  from  the  Grapes  of  Clos  Vougeot. 

Yeasts  of  wine  taken  from  the  celebrated  vineyard  of  Clos  Vougeot,  Burgundy. 


vintages  and  breweries  to  which  they  belong.  In  vinification, 
these  wine  yeasts  have  of  late  years  been  jealously  guarded, 
as  it  has  become  known  that  if  the  products  of  Australian  or 
Californian  vineyards  were  fermented  with  yeasts  from  Clos 
Vougeot  or  Chateau  Margaux  (Fig.  1),  the  wines  from  the  New 
World,  already  noted  for  their  purity  and  excellence,  would 
acquire  the  bouquet  and  flavour  of  these  celebrated  vintages. 
Other  yeasts,  such  as  are  no  good  in  the  great  industries  of 
wine  or  beer  making,  but  are  harmful  and  deleterious  to  such, 
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are  termed  wild-yeasts,  just  as  we  apply  the  term  to  certain 
flowers  that  grow  without  care  and  attention,  and  consequently, 
with  certain  exceptions,  do  not  possess  either  the  fragrance 
or  beauty  of  those  that  are  carefully  selected  and  encouraged. 

Certain  years  are  well  known  for  their  excellent  vintages, 
but  not  necessarily  for  all  wines.  There  are  champagne  years, 
such  as  1874,  port  years,  as  1847,  claret  years,  etc.  ; and, 
although  much  may  be  attributed  to  the  weather  affecting 
the  development  and  ripening  of  the  grapes  themselves,  later 
researches  will  show  that  the  purity  and  quality  of  the  yeasts 
naturally  deposited  upon  the  stalks  and  grapes  have  far  more 
effect  upon  the  quality  of  the  vintage  than  was  formerly  sus- 
pected, and  that,  as  these  perfect  yeasts  will  be  now  preserved 
for  future  use  in  vinification,  the  growers  will  be  able  to  obtain 
a much  better  average  in  the  excellence  of  their  wine  than 
was  otherwise  possible. 

A very  few  years  ago  brewers  were  much  disheartened  by 
the  results  of  an  entire  brewing  frequently  going  wrong, 
seemingly  without  cause,  and  large  sums  of  money  were 
offered  to  anyone  who  could  discover  the  cause,  and  so  find  a 
remedy.  One  of  the  largest  brewing  firms  in  the  world  would 
never  lay  in  any  fresh  plant  until  absolutely  obliged,  for  fear 
of  any  such  accidents  happening,  as  it  was  felt  that  such  an 
occurrence  must  be  due  to  some  outside  influence.  It  is  now 
known  that  these  accidents  were  due  to  the  action  of  wild- 
yeasts,  which  caused  the  beer  to  become  thick,  ropy,  acrid, 
and  bitter. 

It  is  to  the  researches  of  Hansen  of  Copenhagen  on 
brewer’s  yeast,  and  those  of  Jacquemin  of  Nancy  on  the 
ferments  of  wines,  that  we  owe  most  of  our  present  knowledge. 
The  facts  cited  above  have  been  adduced  to  point  out  the 
necessity  of  obtaining  absolutely  pure  cultures  from  a good 
strain  when  dealing  with  the  properties  of  yeasts  ; the  appli- 
cation of  these  principles  will  be  pointed  out  in  their  proper 
places  in  succeeding  chapters.  The  most  common  wild-yeast  is 
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the  Saccharomyces  Pastorianus  (Fig.  2),  of  which,  again,  there 
are  several  varieties  ; this  one  is  particularly  mentioned  because 
it  was  in  observing  this  particular  variety  that  M.  Bruhat 
discovered  a phenomenon,  the  application  of  which  to  the 
diseases  of  man  as  initiated  by  Dr.  cle  Backer  has  led  to  such 
wonderful  results.  For  the  treatment  of  disease,  however, 
this  wild-yeast  was  found  eventually  to  be  inferior  in  many 
ways  to  the  Saccharomyces  cerevisice,  which  we  now  use 


PlG.  2.— SACCHAROMYCES  PASTORIANUS. 

Thu  yeast  in  which  inglobement  of  bacilli  was  discovered  by  M.  Bruhat. 

therapeutically,  and  to  whose  morphology  and  characteristics 
we  shall  next  turn  our  attention. 

The  Saccharomyces  cerevisiai  appears  under  the  microscope 
in  the  form  of  rounded  or  oval  cells  8 or  9 n (about 
inch)  in  their  longer  diameter.  These  present  three  different 
forms  : (l)  Conidia,  the  shape  ordinarily  adopted  when  the 
cells  are  vigorous  ; (2)  the  Hyphomycetic  form,  which  appears 
in  chains  of  several  elements  or  conidia  placed  end  to  end,  but 
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never  appear  as  a true  mycelium  nor  with  spore-bearing 
hyphse ; (3)  a form  containing  endogenous  spores,  or  Asco- 
mycetes. 

1.  Conidia. — To  obtain  yeast  in  this  form  for  microscopic 
study  or  for  future  culture,  we  make  a must  or  wort  of  ferment- 
able saccharine  material  with  a proportion  of  gelatine  added, 
so  that  at  a temperature  of  20°  to  25c  C.  it  is  neither  liquid  nor 
solid,  but  pasty  ; a thin  layer  of  this  is  introduced  at  the 
bottom  of  a Petri  dish,  which  is  sterilized  by  heat ; when 
sufficiently  cool,  the  cap  is  momentarily  removed  and  a speck 
of  pure  culture  of  Sacchciromyces  cerevisice  is  stirred  into  the 
mixture  at  the  bottom  by  means  of  the  platinum  wire.  It  is  a 
good  plan  to  submit  the  culture  to  be  used  to  a stream  of 
oxygen  beforehand,  a plan  we  always  adopt,  as  will  be  seen 
later,  when  preparing  cells  for  their  entrance  into  the 
human  body.  The  next  step  is  to  place  the  dish  in  a 
recipient  full  of  a neutral  gas. 

Carbonic  acid  or  nitrogen  will  do  very  well  (the  object  of 
this  is  to  exclude  the  air),  and  the  whole  is  left  to  itself  for 
three  or  four  days,  at  the  end  of  which  time  some  little  white 
specks  can  be  seen,  which  are  colonies  of  saccharomyces 
developing  from  single  cells  of  the  culture  introduced.  A tiny 
trace  is  picked  up  by  the  platinum  loop,  and  slides  made  from 
it  — some  stained  with  various  colours,  and  others  in  a natural 
state.  On  examination  we  find  a number  of  roundish  or  oval 
cells,  consisting  of  a very  fine  exterior  membrane,  of  which,  in 
the  unstained  preparations,  we  can  hardly  distinguish  the 
inner  contour ; the  interior  of  this  membranous  bag  is  filled 
with  colourless  homogeneous  protoplasm,  often  exhibiting  one 
or  more  colourless  lacume,  called  vacuoles,  though  they  may 
be  perhaps  simply  fat  globules.  Some  of  these  cells  show 
little  buds  or  gemmations,  usually  at  one,  or  even  both  extre- 
mities of  the  long  axis  ; these  are  the  commencing  daughter- 
cells,  and  careful  observation  will  demonstrate  to  us  several 
stages  of  this  kind  of  reproduction.  When  the  cell  is  about 
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to  bud,  we  can  see  a slight  point  or  protuberance  in  the  mem- 
brane of  the  envelope,  which  gradually  increases,  and  changes 
its  shape  from  being  a simple  projection,  for  it  becomes  more 
rounded  and  pinched  in  at  the  base  ; the  protoplasm  of  the 
whole  cell  is  still  entire,  but  later  on  we  can  see  that,  at  the 
pinched-in  part,  the  enveloping  membrane  is  still  closing  in, 
and  that  two  distinct  protoplasms  are  present  ; next,  that  an 
extremely  thin  membrane,  stretching  across  the  narrowing 
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Fig.  3. — Saccharomyces  Cerevisle  (Conidia). 

A pure  culture  such  as  is  used  by  the  Author  for  hypodermic  injection. 


part  of  the  cell  wall,  proceeds  to  complete  the  budding  cell, 
which  till  then  has  been  living  at  the  expense  of  the  mother- 
cell ; finally  the  separation  is  complete,  and  the  daughter-cell 
has  its  own  distinct  existence,  even  though  it  may  remain  yet 
for  some  time  attached  to  the  envelope  of  the  parent  cell,  and 
actually  whilst  so  attached  may  reproduce  by  throwing  out 
processes  in  a similar  manner ; it  is  more  usual  for  it  to  be- 
come entirely  detached  before  doing  so.  This  rotund  form  of 
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cell  is  the  one  usually  seen  in  the  process  of*  anaerobic  fermen- 
tations of  yeast,  constituting  its  more  vigorous  form.  The 
drawing  (Fig.  3)  shows  a good,  clean,  vigorous  yeast,  such  as 
we  use  therapeutically. 

2.  The  Chain-like  Form. — To  obtain  yeast  cells  in  this 
shape  it  is  necessary  to  alter  the  above  experiment  slightly  ; 
the  wort  is  made  rather  stiffer,  with  a greater  proportion  of 
gelatine,  and  the  dish  is  exposed  to  a quantity  of  sterilized 
air  instead  of  a neutral  gas  ; in  other  respects  the  proceedings 
are  the  same.  At  the  end  of  a day  or  two  the  colonies  appear 
as  before,  and  are  examined  in  the  same  way.  This  time  we 
shall  find  that  very  few  of  the  cells  are  round  or  oval,  though 
we  shall  see  some  even  budding;  the  majority  of  the  cells, 
however,  will  have  quite  a different  appearance,  being  much 
more  elongated  in  their  long  axis,  or  cylindrical,  somewhat 
like  the  mycelium  cells  of  the  hyphomycetic  fungi.  Most  of 
these  have  developed  from  the  extremities  of  the  parent  cell, 
thereby  presenting  a filamentous  appearance  ; some,  on  the 
other  hand,  have  developed  laterally,  and  these  daughter-cells 
maintain  the  oval  shape.  In  the  elongated  variety  the  cell 
wall  appears  to  be  thicker  than  in  the  rounded  form,  but  the 
interior  protoplasm  is  of  the  same  hyaline  and  homogeneous 
character. 

This  hyphomycetic  form  is  only  seen  when  the  yeast  is 
grown  under  aerobic  conditions  and  when  the  nutrient 
medium  is  nearly  exhausted  of  its  saccharine.  If,  however, 
we  place  cells  of  this  form  in  a more  nutritious  medium  and 
under  anaerobic  conditions,  they  acquire  greater  vigour  and 
take  on  the  oval  shape. 

Fig.  4 shows  the  filamentous  form  as  obtained  from  a 
culture,  and  the  reader  is  referred  to  the  coloured  plate  for  a 
further  instance. 

3.  Endogenous  Spores. — For  the  production  of  this  form  a 
different  plan  must  be  adopted.  Small  blocks  of  well-baked 
plaster  of  Paris  are  placed  m a Petri  dish,  which  is  half  filled 
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with  water,  the  cover  is  put  on,  and  the  whole  sterilized. 
When  cool  enough,  the  cover  is  removed  and  the  blocks  seeded 
with  a trace  taken  from  saccharomyces  cells  that  have  been 
cultivated  for  some  days  in  an  infusion  of  sterilized  malt  at  a 
temperature  of  about  20°  C.,  and  the  young  cells  selected  and 
developed  in  a similar  wort  for  twenty- four  hours,  at  a tem- 
perature of  24°  C.  ; the  blocks  are  then  left  in  the  Petri  dishes 
at  a temperature  of  30°  C.  for  twenty-four  hours  ; from  the 
eighteenth  hour  onwards  slide  preparations  may  be  made  from 


Fxg.  4.—  Saccharomyces  Cerevislk 
From  a film  (Hyphomycetic  form). 


them  as  before.  The  first  thing  that  will  be  noticed  is  that 
the  cells  have  increased  in  size  ; then  that  the  homogeneous 
protoplasm  shows  vague  condensations,  which  later  appear  as 
shining  spots  becoming  more  spherical,  after  which  they  are 
invested  with  a fairly  distinct  membrane  ; finally  the  endo- 
genous spores  are  seen,  perfectly  formed,  each  one  clothed  with 
a well-defined  enveloping  membrane.  In  some  cells,  in  which 
sporulation  has  been  very  active,  the  spores  swell  and  com- 
press each  other  to  such  an  extent  that  the  cells  appear  as  if 
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divided  into  compartments  by  partitions  ; the  cells  usually 
contain  three  or  four  of  these  new  endogenous  cells,  or  asco- 
spores,  as  they  are  termed,  but  sometimes  they  contain  as 
many  as  five  ; their  size  varies  from  /t  to  0 /t. 

If  these  cells  are  introduced  into  a nutritive  medium,  they 
will  germinate,  the  spores  distending  and  thinning  the  wrall  of 
the  parent  cell,  which  finally  ruptures  and  remains  in  a state 
of  volva  or  loose  shrivelled  skin,  partly  enveloping  the  spores. 
These  latter  put  out  buds,  and  now  behave  like  conidia  in  pro- 
pagating by  gemmation  ; this  they  have  been  known  to  do 
whilst  still  within  the  parent  cell,  but  such  precocity  is  rare. 

It  has  been  before  stated  that  the  yeast  cell  consists  of  a 
continuous  enveloping  membrane  enclosing  a hyaline  proto- 
plasm ; this  membrane  is  composed  of  a peculiar  kind  of 
cellulose,  resembling  a vegetable  mucilage,  insoluble  in  am- 
monio-oxide  of  copper.  The  weight  of  the  membrane  has  been 
estimated  at  about  ^07o  of  that  of  the  dried  cell.  The  hyaline 
protoplasm  is  of  very  complex  nature.  It  is  composed  of 
albumin  (36  percent.),  peptones,  fatty  matters  (almost  entirely 
olein),  extractive  matters,  leucin,  ty rosin,  and  xanthine  (from 
the  destruction  of  proteids),  traces  of  glucose,  glycogen,  suc- 
cinic acid,  cholesterin,  nuclein  and  invertin  ; lastly,  of  mineral 
matters  (7  per  cent.),  which  are  composed  of : 


Phosphoric  acid 
Potassium 
Magnesium 
Calcium  ... 

Sulphates  (soda  and  silica) 


Belohoubek. 

5P10 

3868 

4-16 

1-99 

4-07 


Mitscherlich. 

54  to  59 
28  to  40 
6 to  8 
1 to  4 


III.  BACTERIA. — FISSION  FUNGI  OR  SCIIIZOMYCETES. 

First  let  us  settle  the  question  of  what  we  mean  by  bacteria, 
as  the  terminology  of  this  group  of  minute  beings  has  become 
somewhat  mixed  and  confused.  The  great  discovery  of 
Davaine,  that  the  disease  of  cattle  called  anthrax  was  really 
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due  to  a rod-shaped  organism,  doubtless  instigated  the  re- 
search which  has  now  proved  so  many  diseases  to  be  due  to 
the  presence  and  growth  of  micro-organisms  ; to  this  special 
research  the  name  of  ‘ bacteriology  ’ has  been  given.  It  was 
soon  found  that  many  of  these  minute  organisms  are  not  rod- 
shaped, hence  many  new  terms  came  into  use,  such  as  ‘ micro- 
cocci,’ ‘ vibrios,’  £ leptothrix,’  etc.  ; to  obviate  the  inconvenience 
arising  from  the  multiplication  of  names,  Sedillot,  in  1878, 
proposed  to  designate  these  organisms  under  the  general  term 
of  ‘microbes’  (pacpo e,  little,  /3ioc,  life),  which  merely  implied  the 
existence  of  properties  upon  which  everyone  was  agreed. 
This  term  was  for  some  little  time  very  well  received,  and  is 
very  well  known  to  the  public  ; yet  it  lias  one  great  dis- 
advantage, which  is,  that  it  may  equally  well  include  the 
lower  forms  of  animal  life,  such  as  the  Gregarinidae  as  well  as 
those  of  the  lower  forms  of  vegetable  life,  such  as  the  Algae. 
By  common  consent  we  now  take  the  term  ‘ bacteriology’  to 
mean  that  science  which  deals  with  the  laws  that  govern  that 
group  of  organisms  which  exists  at  the  bottom  of  the  scale  of 
Nature,  forming  possibly  the  link  which  unites  animal  to  vege- 
table life,  those  organisms  being  termed  ‘ bacteria,’  irrespec- 
tive of  their  shape  or  size,  which  possess  certain  properties 
in  common.  They  are  everywhere  distributed  through  Nature, 
in  air,  water,  and  in  dust,  being  deposited  on,  and  clinging  to, 
the  surfaces  of  every  substance  or  material  exposed. 

In  structure  they  are  non-nucleated  unicellular  organisms, 
with  few  exceptions  being  destitute  of  chlorophyll,  are  all 
microscopic,  some  even  approaching  the  limits  of  microscopic 
visibility  ; they  consist  of  a sac,  or  structureless  but  sharply 
contoured  membrane,  composed  of  a gelatinous  substance 
allied  to  cellulose — but  which  is  not  a true  cellulose,  neverthe- 
less— enclosing  a soft,  semi-fluid,  homogeneous  or  granular 
protoplasm,  which  is  more  or  less  prone  to  be  stained  with 
basic  aniline  dyes,  like  the  chromoplasm  in  the  nuclei  of 
animal  cells.  Under  the  microscope  they  appear  as  pale, 
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translucent,  highly  retractile  bodies,  and,  when  existent,  spore 
formation  and  motility  can  be  observed,  but  little  else,  unless 
tbe  bacteria  are  stained.  Some  authors  have  described  a 
nucleus,  and  certain  appearances  have  sometimes  appeared  to 
warrant  this  conclusion.  At  times,  irregular,  deeply-stained 
granules  are  observed  within  the  protoplasm,  resembling  a 
chain  of  beads ; these  have  been  termed  ‘ metachromic 
granules  sometimes  rounded  or  oval  unstained  portions  may 
be  observed  at  the  poles  of  the  bacterial  cell,  called  by 
the  Germans  ‘ polkornchen  these  metachromic  and  polar 
granules,  however,  are  not  nuclei  at  all,  as  will  be  de- 
monstrated later,  nor  are  they  spores,  but  are  indications  of  a 
degenerative  change  in  the  protoplasm  produced  by  a process 
called  plasmolysis. 

Very  recently  bacteria  have  been  divided  into  a simple  or 
lower  group  and  a more  developed  or  higher  group.  It  is  the 
former  which  chiefly  concerns  us. 

The  lower  bacteria  may  be  divided  into  three  classes, 
according  to  the  form  they  exhibit. 

1.  Of  a globular,  berry-like,  or  spherical  shape  ; these  are 

termed  ‘cocci.’ 

2.  Of  a straight  rod-shape,  with  the  length  at  least  twice 

the  breadth  ; these  are  termed  ‘ bacilli.’ 

3.  Of  a curved  or  spiral  form,  often  like  a bent  rod  ; these 

are  called  * spirilla.  ’ 

These  lower  bacteria  are  unicellular  masses  of  protoplasm 
surrounded  by  a cell  wall ; endogenous  sporulation  may  occur, 
and  they  may  be  motile. 

1.  occi . — These  are  very  small,  on  an  average  about  1 /< 
in  size  ; they  may  propagate  by  division  in  any  direction, 
hence,  according  to  the  peculiar  methods  adopted  by  indivi- 
dual species,  we  get  from  division  in  one  axis  only,  cocci 
arranged  like  a chain  (streptococci),  or  in  pairs  (diplococci)  ; 
from  division  in  two  axes  at  right  angles  to  each  other,  double 
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pairs  (tetracocci),  or  the  same  in  a double  plane,  packets  of 
eight  (sarcime)  ; it  may  happen  that  the  division  is  quite 
irregular,  from  which  collections  are  formed  resembling  a 
hunch  of  grapes  (staphylococci),  or  even  larger  masses  called 
zoogloeae,  which  are  surrounded  and  held  together  by  a glu- 
tinous intercellular  substance.  Cocci  are  often  spoken  of  as 
micrococci ; they  are  not  usually  motile ; two  species  of  cocci 
possess  flagella, 

2.  Bacilli. — These  are  straight,  rod-like,  cylindrical  cells, 
most  of  them  measuring  less  than  1 /u  in  breadth,  though  they 
vary  considerably  in  length.  The  influenza  bacillus  is  the 
smallest  with  which  Ave  are  acquainted,  measuring  only  ‘5  /n  in 
length  by  ‘2  /t  in  breadth  ; the  tubercle  bacillus  is  the  most 
slender  compared  to  its  length.  Bacilli  may  or  may  not  be 
motile,  possess  flagella  or  not  ; they  reproduce  themselves  by 
binary  division,  and  in  many  species  spore  formation  may 
occur,  the  spores  being  either  situated  terminally  or  centrally, 
and  may  be  of  various  shapes. 

3.  Spirilla. — These  are  also  cylindrical  cells,  but  instead 
of  being  straight,  like  bacilli,  they  possess  a spiral,  curved  or 
wavy  form,  of  which  two  types  can  be  distinguished  : (l)  as  a 
long,  slender,  Avavy,  or  spiral  thread,  being  lion-septate,  such 
as  Obermeier’s  spirillum  of  relapsing  fever  ; and  (2)  much 
shorter,  of  a curved  or  comma  shape,  such  as  Koch’s  spirillum 
of  cholera — these  latter  have  been  also  termed  vibrios  ; an 
appearance  resembling  the  true  spirilla  may  sometimes  be 
noticed  Avhen  two  vibrios  are  lying  end  to  end  with  the  con- 
cavities of  their  curves  alternating.  The  bacteria  of  this  class 
may  or  may  not  be  motile ; most  of  the  motile  spirilla  possess 
flagella  ; like  other  schizomycetes,  they  multiply  by  fission,  and 
in  some  species  endogenous  spores  have  been  noticed. 

The  higher  bacteria  are  much  more  highly  developed  than 
the  loAver,  and  consist  of  either  branched  or  unbranched  fila- 
ments, which  in  most  cases  are  septate,  being  divided  at 
intervals  into  straight  or  curved  elements  more  or  less 
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mutually  dependent  upon  each  other,  and  usually  enclosed  in 
a common  sheath  or  cell  wall ; nevertheless  they  enjoy  an 
independence  of  function,  some  of  them,  indeed,  being  solely 
concerned  in  reproduction  by  the  formation  of  conidia.  The 
higher  bacteria  are  divided  into  groups — beggiatoa,  thiothrix, 
leptothrix,  and  cladothrix — which  possess  various  distinctive 
differences,  but  have  no  pathological  importance  ; they  are 
usually  found  in  dirty  water  and  stagnant  ponds.  The  last 
group,  that  of  streptothrix,  possesses  the  highest  development 
of  them  all,  forming  a link  between  the  fission  fungi  or 
bacteria  and  the  group  nearest  to  them  of  true  fungi,  being 
endowed  with  properties  of  each  ; it  has  great  pathological 
importance,  for  to  this  group  belongs  the  actinomyces,  or  ray 
fungus,  already  mentioned.  In  man  the  ravages  of  this  fungus 
were,  until  lately,  attributed  to  cancer.  Another  species  of 
streptothrix  has  been  described  by  Flexner,  as  lately  as  June, 
1897,  under  the  name  of  Streptothrix  pseudo-tuherculosa,  the 
disease  of  the  lungs  produced  by  it  being  very  similar  to  rapid 
phthisis. 

Bacteria  all  reflect  light  very  strongly  ; they  also  cause 
turbidity  in  any  culture  fluid  in  which  they  may  be  present 
— at  least,  if  in  any  quantity  ; some  have  been  said  to  contain 
chlorophyll,  but  the  organisms  that  do  so  are  not  true  schizo- 
mycetes,  but  belong  to  the  lower  algrn  or  schizophytm.  Many 
species  are  brilliantly  coloured  when  growing  in  masses, 
though  this  is  not  common  among  the  pathogenic  bacteria, 
neither  is  it  quite  certain  whether  the  pigment  is  outside  or 
inside  the  protoplasm  ; in  favour  of  the  latter  view  a pigment 
named  ‘bacterio-purpurin’  has  been  observed  in  the  protoplasm 
of  some  species.  These  pigments  are  supposed  to  be  lipo- 
chromes  derived  from  animal  fat,  but  not  much  is  known  about 
them  ; it  is  more  than  probable  that  the  colours  of  the  expec- 
torations in  phthisis  are  largely  due  to  chromogenic  bacteria. 

The  size  of  bacteria  is  usually  measured  by  micro-milli- 
metres ; a micro-millimetre  is  equal  to  about  yttItoo  an  inch, 
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and  is  represented  by  the  Greek  letter  /i.  These  extremely 
minute  measurements  have  the  same  disadvantages  in  con- 
veying  little  to  the  mind  as  have  the  measurements  of  the 
immense  distances  of  the  celestial  bodies.  It  gives  us  some 
idea  of  the  earth’s  distance  from  the  sun  to  state  that  if 
we  set  off  in  a fast  train,  going  sixty  miles  per  hour,  it  would 
take  us  about  175  years  to  do  the  distance,  consequently  it 
would  only  be  our  great-grandchildren,  when  elderly,  who 
would  arrive.  In  like  manner  we  may  state  that  when  a 
microbe  measuring  a micro-millimetre  in  length  is  magnified 
2,200  times  it  looks  about  as  big  as  the  letter  i in  the  print 
of  this  book  ; if  an  ordinary  man  were  subjected  to  the  same 
magnitude,  he  would  be  about  four  miles  high  ; this  may  give 
some  idea  how  excessively  minute  these  organisms  really  are. 

Bacteria  reproduce  themselves  by  fission,  or  transverse 
division,  from  which  they  derive  their  name  of  schizomycetes. 
Among  the  bacilli,  or  rod-like  form,  the  division  always  takes 
place  in  a direction  at  right  angles  to  the  long  axis,  elongating 
as  it  commences  to  divide,  becoming  at  a certain  point  more 
and  more  narrow  until  complete  separation  takes  place,  and  the 
two  halves  resemble  the  original  microbe  and  are  free  to 
undergo  the  same  process  of  fission.  Among  the  spherical 
bacteria,  or  cocci,  in  addition  to  fission  at  right  angles  to  the 
long  axis,  segmentation  may  take  place  in  two  or  three  direc- 
tions at  right  angles  to  each  other  in  different  planes  ; it  has 
been  already  remarked  that  the  cell  wall  consists  of  a gluti- 
nous substance  like  cellulose,  and  it  is  according  to  the 
peculiar  agglutination  of  the  divided  cells  that  we  find  the 
different  forms  mentioned  on  p.  19. 

The  spore  formation  may  either  be  in  the  form  of  (1 ) endo- 
genous spores  or  of  (2)  arthrospores. 

Endogenous  spores  have  never  yet  been  observed  among 
cocci,  but  are  very  frequent  among  the  bacilli  and  in  some 
species  of  spirilla.  The  spore  commences  as  a minute  point  in 
the  protoplasm  of  the  cell  ; it  attains  maturity  in  a few  hours, 
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when  it  appears  as  a roundish,  oval,  or  truncated  rod-shaped, 
highly-refracting  body,  consisting  of  protoplasm  and  fat, 
enclosed  in  a tough  capsule  : they  may  occur  in  the  centre  of 
a bacterial  cell,  at  one  extremity  or  at  both,  are  always 
shorter,  but  may  be  broader  than  the  original  bacterium  ; 
often  they  resemble  vacuoles.  The  vitality  of  the  bacterial 
cell  is  consolidated  into  these  spores,  which,  by  means  of  the 
dense  capsule,  are  capable  of  resisting  to  an  exceptional  degree 
the  destructive  action  of  heat,  chemicals,  or  unfavourable  sur- 
roundings, and  on  this  account  they  also  resist  staining  by 
ordinary  methods.  When  placed  in  favourable  conditions  and 
supplied  with  fresh  food,  the  spore  breaks  through  its  case 
and  takes  on  the  form  of  the  original  bacterium  from  which  it 
sprung. 

Arthrospores  are  certain  bacteria,  such  as  streptococci, 
which  have  taken  on  a resting  or  resistant  state ; they  swell 
up,  the  whole  protoplasm  acquiring  the  properties  of  a spore, 
but  the  cell  wall  does  not  appear  to  thicken,  as  it  stains  well 
with  ordinary  methods  ; yet  as  they  seem  to  have  acquired 
greater  powers  of  resistance  and  reproduction,  they  have  been 
considered  as  spores. 

Regarding  the  chemical  constituents  of  bacteria,  very  little 
is  known,  and  very  much  yet  remains  to  be  done  on  this  point ; 
but  it  appears,  from  the  labours  already  undertaken,  that  the 
chemical  constituents  of  bacteria  do  not  differ  very  much 
according  to  their  species,  but  according  to  the  conditions 
under  which  they  have  been  cultivated.  Cellulose  and  fatty 
matters  have  been  isolated,  also  an  albumin  which  contains 
salts  of  sodium,  potassium,  and  magnesium,  but  contains  little 
or  no  phosphorus,  thereby  differing  in  a marked  degree  from 
the  nucleo-albumin  of  animal  or  of  yeast  cells. 

We  have  now  arrived  at  the  end  of  the  description  of 
formed  ferments ; there  remains  to  pass  in  review  their 
functions  and  biology — that  is  to  say,  their  life-history. 

To  whichever  of  the  three  groups  they  may  belong,  some 
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of  these  formed  ferments  live,  reproduce,  and  have  their  being 
only  when  provided  with  a good  supply  of  fresh  air  or  oxygen, 
from  which  peculiarity  they  were  termed  by  Pasteur  ‘aerobics,’ 
whilst  others  only  thrive  and  carry  out  their  functions  when 
totally  deprived  of  oxygen — these  are  termed  ‘ anaerobics.’ 
Others  there  are  which  belong  to  the  first  or  aerobic  class,  yet 
possess  the  power  or  faculty  of  living  a modified  existence 
with  little  or  no  oxygen  present ; these  are  called  ‘ facultative 
anaerobics.’  Others,  again,  which  belong  properly  to  the 
second  class,  may  under  certain  conditions  and  circumstances 
exercise  growth  and  function  in  the  presence  of  oxygen  ; these 
are  termed  ‘ facultative  aerobics.’ 

The  life- history  of  these  formed  ferments  demands  an 
inquiry  into  the  effect  produced  upon  them  by  outside  agencies, 
such  as  (1)  physical  agents  and  (2)  chemical  agents. 

1.  The  action  of  temperature  upon  these  minute  bodies  is 
exceedingly  important,  because  it  is  by  means  of  this  that  we 
are  enabled  to  separate  one  species  of  ferment  from  another, 
which  would  probably  be  indistinguishable  from  it  were  it 
not  for  this  means.  This  is  especially  the  case  in  dealing 
with  yeasts.  All  formed  ferments  have  a temperature  which 
best  suits  the  individual  variety,  a selected  temperature,  often 
called  the  optimum  temperature ; but  besides  this  one  there 
are  two  others  equally  important,  viz.,  the  maximum  and 
minimum  temperatures,  beyond  the  limits  of  which  growth 
does  not  take  place  and  their  functions  cannot  be  exercised, 
though  their  vitality  may  not  be  destroyed,  but  only  remain 
in  abeyance.  Spores  resist  a very  considerable  temperature, 
maintained  during  a length  of  time,  but  none,  except  the 
thermophile  bacteria,  which  have  no  pathological  importance, 
can  survive  a temperature  of  57°  C.,  if  applied  long  enough. 
The  resistance  of  these  cells,  on  the  contrary,  to  the  prolonged 
application  of  extreme  cold  is  most  remarkable,  for,  if  carefully 
and  gradually  restored  to  a favourable  temperature,  they  will 
regain  their  activity.  Temperatures  as  low  as  —200°  C.  have 
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failed  to  destroy  them,  and  some  yeasts  will  begin  to  show 
some  function  even  at  a temperature  of  2°  or  3'  ( 1. 

Formed  ferments,  when  cultivated  above  or  below  their 
optimum  temperature,  are  apt  to  lose  their  individual  pecu- 
liarities or  their  virulence.  Yeasts  only  show  peculiarities 
at  certain  temperatures,  and  it  is  almost  entirely  due  to  the 
experiments  of  Hansen  of  Copenhagen  on  the  formation  of 
films  and  spore  formation  by  yeasts  at  varying  temperatures 
that  we  are  enabled  to  distinguish  between  certain  varieties. 

The  effect  of  pressure,  up  to  400  atmospheres,  maintained 
for  several  days,  is  not  destructive  to  formed  ferments,  neither 
does  it  appear  to  alter  the  cells,  for  yeasts,  after  having  been 
submitted  to  such  a pressure,  show  no  appreciable  alteration 
of  form,  and  behave  exactly  as  if  cultivated  in  the  ordinary 
manner,  if  they  are  subsequently  placed  in  a saccharine 
aerated  wort.  Yeasts  do  not  exercise  their  functions  under 
pressure,  though  they  commence  the  moment  the  pressure  is 
removed,  a fact  we  make  use  of  in  storing  the  formed  ferments 
for  therapeutic  purposes. 

Many  of  the  mucors  grow  best  with  little  or  110  light. 
Direct  sunlight  is  injurious,  and  in  many  cases  destructive,  to 
them,  which  may  with  equal  propriety  be  said  of  bacteria,  for 
when  in  a dry  state  anthrax  and  typhoid  bacilli  are  totally 
deprived  of  vitality  by  an  hour  and  a half  s exposure  to  bright 
sunlight.  Even  the  diffused  light  of  the  laboratory  has  to  be 
guarded  against  on  a fine  day  when  dealing  with  culture 
experiments.  The  electric  arc  has  a similar  effect,  though 
electricity  itself  has  not  much  influence  over  formed  ferments, 
unless  very  large  sparks — 10  or  12  inches — are  passed  through 
them  when  in  a moistened  state,  which  quite  destroy  them  ; 
so  will  a current  from  a battery  of  ten  Bunsen  elements.  A 
small  amount,  on  the  contrary,  acts  as  a tonic  and  favours 
fermentation.  Latterly,  numerous  experiments  have  been 
made  with  the  ultra-violet  X-rays,  upon  bacteria  chiefly,  over 
which  they  appear  to  have  a certain  ill-defined  inhibitory,  or 
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possibly  destructive,  effect.  I cannot  say  that  the  results  are 
very  conclusive,  and  they  have  certainly  led  to  no  therapeutic 
successes. 

-•  The  action  of  chemical  agents  over  ferments  offers  many 
points  of  interest.  The  effect  of  oxygen  we  have  already 
noticed  ; hydrogen  and  nitrogen  are  indifferent  gases  to  all 
ferments,  having  no  action  over  them  whatever ; carbonic 
acid,  nitrous  oxide,  and  carhuretted  hydrogen  are  neutral  to 
all  except  Bacillus  anthracis  and  Bacillus  pyocycinicus,  over 
which  carbonic  acid  exerts  a marked  influence  under  pressure, 
the  former  losing  its  power  of  sporulation,  and  the  latter 
losing  its  entire  vitality.  The  action  of  chloroform  is  to 
hinder  or  prevent  the  functions  of  an  old  yeast  or  an  old 
bacterial  culture,  but  when  young  and  vigorous  their  action 
is  merely  retarded  by  chloroform.  Quinine  acts  like  strychnia, 
both  having  the  effect  of  first  stimulating  and  subsequently 
depressing  the  function  of  ferments.  Morphia  has  a retard- 
ing action,  and  cocain  a markedly  inhibitory  one  over 
ferments,  and  in  the  case  of  yeasts,  the  latter  often  stops 
their  action  altogether.  Hydrocyanic  acid  and  salicylic  acid 
also  possess  inhibitory  powers  over  the  function  of  formed 
ferments,  the  latter  being  frequently  used  by  the  Germans  in 
exported  beer  to  prevent  further  fermentation. 

A slightly  acid  medium  is  an  advantage  to  yeasts  ; but  if 
the  acidity  is  increased  to  a very  small  extent  beyond  a 
certain  point,  fermentation  is  checked  and  proceeds  very 
slowly.  A still  greater  acidity  checks  it  altogether,  though  a 
little  depends  upon  the  particular  acid  used,  tartaric  and 
hydrochloric  acids  being  much  better  borne  than  others.  Small 
quantities  of  alkaline  bases  have  no  hindering  effect  upon  the 
functions  of  yeasts,  for  we  have  often  seen  a perfect  fermenta- 
tion occur  after  the  medium  has  been  rendered  alkaline  by  an 
excess  of  phosphate  of  soda.  This  has  an  important  bearing 
upon  the  whole  of  our  subject,  for,  as  will  be  seen  later  on, 
yeasts  will  have  to  perform  their  functions  in  the  alkaline 
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medium  of  the  blood ; ammonia  and  the  alkaline  carbonates 
do  have  a retarding  effect,  and  may  prevent  fermentation 
altogether.  Bacteria  differ  considerably  from  the  other 
formed  ferments,  inasmuch  as  they  prefer  a slightly  alkaline 
medium  indeed,  some  of  them,  such  as  the  cholera  vibrio, 
will  not  grow  in  the  presence  of  the  smallest  trace  of  free 
acid. 

The  chemical  agents  which  are  most  destructive  to  the  life 
and  function  of  the  ferment  cells  are  the  salts  of  the  heavier 
metals,  such  as  the  perchlorides  of  mercury,  platinum  and 
gold,  of  which  the  former  is  infinitely  the  cheapest,  and  one 
of  the  most  powerful,  1 part  in  10,000  being  more  than  the 
majority  of  ferments  can  stand  without  eventual  destruction, 
although  a very  much  stronger  solution  is  generally  used  as  a 
bactericide,  such  as  1 in  1,000  or  1 in  2,000. 

Besides  these  inorganic  substances,  there  are  many  organic 
that  are  exceedingly  destructive  to  ferments,  the  best  known 
of  them  probably  being  carbolic  acid,  which  is  exceedingly 
effectual  against  most  microbes,  but  not  all ; many  stearop- 
tines,  such  as  thymol,  are  exceedingly  bactericide,  so  also  is 
benzoic  acid,  which  has  the  advantage  of  not  being  deleterious 
to  animal  life ; the  same  may  be  said  of  formalin,  which  is  a 
40  per  cent,  solution  of  formic  aldehyde  gas  in  water  : this, 
in  the  proportion  of  lg  to  1,000  of  water,  is  only  second 
in  bactericidal  power  to  corrosive  sublimate. 

From  aldehydes  we  pass  on  to  alcohol,  which  is  a most 
powerful  antiseptic,  and  the  one  that  we  use  preferably  for 
sterilizing  our  needles  before  use.  We  must  not  forget  that 
there  are  some  curious  facts  relating  to  the  destructive  action 
of  the  life  products  of  bacteria  upon  the  same  species  as 
produced  them,  as  well  as  over  some  others ; also,  contrari- 
wise, some  bacteria  seem  by  their  presence  to  pave  the  way 
and  prepare  the  ground  for  the  reception  of  other  kinds  which, 
without  the  previous  presence  of  the  first,  would  have  been 
unable  to  have  effected  a footing  in  that  particular  medium. 
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As  examples,  we  may  say  that  firstly  all  ferments  are  rendered 
inert  or  are  destroyed  by  their  own  products  and  secretions  ; 
that  the  cholera  vibrio  renders  the  medium  in  which  it  grows 
totally  unfit  for  the  growth  of  any  other  kind  of  bacteria  ; 
and  it  is  a curious  fact  that  this  same  vibrio  is  prevented  from 
developing  in  media  to  which  the  Bacillus  pyogenes  fcetidus 
has  already  had  access.  For  an  example  to  the  contrary  we 
may  instance  the  tubercle  bacillus,  which  undoubtedly  pre- 
pares the  way  for  the  lodgment  of  many  different  species  of 
exceedingly  unwelcome  guests.  The  knowledge  of  these 
peculiarities  has  a distinct  bearing  upon  the  treatment  we 
advocate,  for,  as  we  shall  see  later,  the  soluble  products  of 
the  yeast  cells  when  in  vitro , or  within  the  blood,  acquire 
the  properties  of  an  alexin,  thereby  transforming  the  toxins 
secreted  by  bacteria  into  antitoxins. 

This  will  close  all  we  feel  it  is  necessary  to  say  on 
the  subject  of  formed  ferments — necessary,  that  is,  for  the 
purpose  of  this  book,  though  the  subject  is  well  worth  some 
further  study. 

Enzymes. 

We  must  now  proceed  to  discuss  the  properties  and 
peculiarities  of  enzymes,  or  soluble  ferments,  after  which  we 
shall  sum  up  in  the  next  chapter  the  part  that  ferments  play 
in  Nature  by  describing  the  nature  and  mode  of  their 
functions,  which  are  known  by  the  term  c fermentation.’ 

Enzymes  possess  no  structure,  neither  have  they  any 
power  of  multiplication  ; they  are  soluble,  and  very  difficult  to 
isolate  from  the  protoplasm  of  the  cells  of  formed  ferments 
in  which  they  are  normally  found,  as  well  as  within  all  the 
secreting  epithelial  cells  of  the  system.  They  possess  a very 
similar  power  to  that  enjoyed  by  the  formed  ferments,  whose 
functions  they  actually  imitate,  as  has  been  conclusively 
proved  as  regards  the  intracellular  enzyme  of  the  yeast  cell 
commencing  the  saccharine  fermentation ; so  also  do  the 
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enzymes  of  other  cells  provoke  chemical  changes  in  other 
media,  according  to  their  special  functions. 

By  means  of  the  enzymes  contained  in  the  cells  of  the 
salivary  glands,  stomach,  pancreas,  liver,  and  intestinal  glands, 
the  albumins  of  the  food  (proteids)  are  converted  first  into 
albumoses,  then  into  peptones,  in  which  state  they  are 
soluble,  non-coagulable,  and  dialysable — consequently  easy 
of  absorption  into  the  system.  Likewise  starchy  foods  are 
altered  into  dextrine,  dextrose,  and  lfevulose,  which  will  be 
further  described  in  the  chapter  on  diabetes  ; finally,  fats  are 
emulsified  or  saponified  by  the  same  means  to  render  them 
fit  for  absorption  by  the  lacteals. 

It  may  not  be  wrong  to  say  that  all  metabolisms  and 
tissue  changes  that  occur  in  the  body  are  in  reality  local 
fermentations,  provoked  by  enzymes  contained  in  the  proto- 
plasm of  all  the  various  cells  of  which  the  system  is  composed, 
the  products  of  these  fermentations  being  the  normal  leuco- 
maines,  leucin,  ty rosin,  xanthine,  etc.  Itecent  researches 
(Luff,  B.  M.  J.,  1897)  tend  to  show  that  diseases  like  gout 
are  caused  by  the  action  of  enzymes  upon  complicated  nitro- 
genous media,  causing  first  the  formation  of  the  quadriuret  of 
soda,  and  then  its  reduction  to  uric  acid,  which  is  eliminated 
by  the  kidneys,  but  if  in  excess  is  deposited  in  the  tissues. 
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FERMENTATIONS. 

We  have  said  in  the  previous  chapter  that  the  term  1 fermen- 
tation ’ is  applied  to  the  phenomena  of  function  in  ferments  : 
it  was  formerly  limited  to  those  processes  characterized  by 
the  formation  and  ebullition  of  gas,  such  as  those  of  wine- 
making and  of  beer,  hence  the  term  (from  fewere , to  boil)  ; 
but  it  has  now  a much  wider  signification,  and  is  taken  to 
mean  any  chemical  change  or  metamorphosis  set  up  in  com- 
plex organic  substances  through  the  agency  of  a body  derived 
from  the  animal  or  vegetable  kingdom,  by  which  they  are 
reduced  to  simpler  elements,  the  original  organic  substance 
acted  upon  being  quite  disproportionate  in  bulk  to  that  of  the 
agent.  Every  ferment  has  a predilection  for  a certain  food,  a 
certain  temperature,  and  other  conditions  such  as  have  been 
already  mentioned  ; upon  these  conditions  the  result  of  the 
fermentation  depends. 

The  fermentations  caused  by  the  first  of  those  groups 
into  which  we  divided  the  formed  ferments  need  not  detain 
us  long,  as  they  have  very  little  bearing  upon  the  main  object 
of  this  work  ; suffice  it  to  say  that  some  of  the  mucors,  or 
headed  moulds,  have  the  power  of  provoking  alcoholic  fermen- 
tation in  a saccharine  liquid,  their  cells  budding  like  true 
yeasts  whilst  engaged  in  this  work,  though  it  is  performed  to 
a far  less  degree  and  far  more  slowly  also  than  it  is  when  true 
yeasts  are  the  active  agent  ; consequently  their  presence  or 
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adventitious  mixture  with  yeasts  embarrasses  the  latter  in 
their  work,  and  tends  to  spoil  the  result  of  their  action,  a 
point  which  must  be  borne  in  mind  when  we  come  to  deal 
with  the  selection  and  purification  of  yeasts  and  the  pre- 
liminary sterilization  of  their  fermentable  media.  Although 
the  mucorinese,  or  moulds,  may  usurp  the  functions  of  the 
saccharomycetes,  or  yeasts,  even  to  the  extent  of  imitating 
their  peculiar  modes  of  reproduction,  yet  the  one  can  never 
remain  permanently  with  the  acquired  functions  of  the  other, 
as  may  be  proved  by  returning  the  mould  to  its  own  proper 
medium,  when  it  at  once  resumes  its  natural  mode  of  growth  : 
it  is  as  well  to  remember  this  point,  as  it  is  equally  true  with 
respect  to  bacteria,  so  long  considered  polymorphic,  giving 
such  trouble  to  their  investigators  in  their  attempt  to  differ- 
entiate between  them,  that  many  were  of  opinion  that  one 
species  could  actually  turn  into  another,  though  we  know 
now  that  this  is  impossible  : the  laws  of  Darwin,  equally 
applicable  here  as  throughout  the  rest  of  Nature,  forbid  us 
the  conclusion  ; also  we  can  satisfy  ourselves  by  placing  a 
doubtful  organism  under  several  known  conditions  of  culture, 
when  succeeding  generations  will  quickly  determine  its  place 
and  true  name. 

The  fermentation  by  yeasts  is  the  best  known  of  all  the 
fermentations,  both  industrially  from  the  mead  of  prehistoric 
times  to  the  scientific  brewings  of  the  present  day.  More 
labour  and  research  have  been  expended  upon  this,  the  alco- 
holic fermentation,  than  upon  any  other ; and  upon  the 
ascertained  facts  and  peculiarities  pertaining  to  it  we  base 
our  own  further  researches,  and  deduce  our  theories  concern- 
ing the  more  complex  fermentations,  including  those  of 
disease,  to  be  described  later  on.  Alcoholic  fermentation,  so 
easy  to  produce  and  study,  is  found  to  be  a standard  type  of 
all  other  fermentations.  It  is  the  typical  manifestation  of  the 
phenomena  produced  when  a ferment,  of  whatever  nature,  is 
placed  in  presence  of  the  medium  and  conditions  of  its  predi- 
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lection  ; hence  to  describe  this  is  to  describe  all,  which,  how- 
ever they  may  differ  in  detail,  never  differ  in  the  principal  or 
main  characteristics. 

A saccharine  substance,  such  as  malted  barley,  is  mashed 
in  water  in  certain  proportions,  together  with  nitrogenous  and 
mineral  matters,  which  are  already  present  when  barley  is 
used,  but  when  other  saccharine  is  used  these  require  to  be 
added,  and  the  exact  quantity  of  each  determined  by  experi- 
ment, too  great  a quantity  of  either  ingredient  being  a 
hindrance  to  the  proper  performance  of  the  function.  The 
wort  having  been  duly  made  and  sterilized  from  any  foreign 
element,  is  then  well  aerated,  the  yeast  added  to  it,  and  the 
whole  maintained  in  a temperature  of  about  18°  C.  Under 
such  favourable  conditions  the  yeast  cells  acquire  great  vigour 
and  enter  into  active  proliferation,  for  which  purpose  they 
absorb  a considerable  amount  of  oxygen  from  the  liquid,  though 
they  return  it  very  speedily  as  carbonic  acid,  which  can  be 
seen  rising  in  bubbles  to  the  surface  of  the  liquid.  As  yet 
fermentation  has  hardly  begun,  but  as  the  oxygen  disappears 
from  the  wort,  cell  proliferation  diminishes  and  a new  set  of 
phenomena  commences  both  by  the  original  cells  and  their 
progeny,  by  the  means  of  the  invertin  contained  in  them. 
The  saccharine  material,  of  whatever  kind  it  may  be,  is 
reduced  to  invert  sugar,  and  the  very  moment  this  process 
is  completed  the  yeast  cells  proceed  to  still  further  split  it  up, 
storing  and  assimilating  for  their  own  sustenance  and  future 
use  certain  elements  to  form  a reserve  of  glycogen  or  other 
carbo-hydrate  in  combination  with  the  protoplasm  of  their 
cells.  The  remainder  of  the  sugar,  which  is  valueless  to  the 
yeast  cell,  is  thrown  out  by  it  into  the  surrounding  liquid  ; 
part  can  be  seen  as  carbonic  acid  escaping  from  the  liquid  by 
violent  ebullition,  part  remains  within  it  as  alcohol,  glycerine, 
succinic  acid,  etc.  This  process  goes  on  until  one  of  three 
things  happens  : The  carbonic  acid  may  not  be  able  to  escape, 
and  the  pressure  stops  further  fermentation,  which  can  be 


FERMENTATIONS 


35 


seen  in  a bottle  of  champagne  or  one  of  our  cartouche  tubes, 
to  be  afterwards  described.  The  amount  of  alcohol  poured 
into  the  liquid  may  be  in  so  great  quantity  that  the  yeast  cells 
can  no  longer  act,  for  it  is  a law  of  Nature  that  all  creatures 
lose  their  vitality  when  exposed  to  the  toxic  action  of  their 
own  excretions.  An  example  of  this  arrest  of  fermentation  is 
seen  in  port  wine,  which  contains  a large  amount  of  unfer- 
mented saccharine ; when  kept  for  years  in  either  bottle  or 
cask,  the  alcohol  slowly  evaporates  through  cork  or  wood,  and 
is  as  gradually  replaced  by  more  alcohol  from  the  remaining 
saccharine.  By  this  extremely  slow  process  the  coarser 
alcohols  are  eliminated  and  the  finer  alcohols  retained, 
together  with  subtle  aldehydes  and  sethers  which  give  the 
exquisite  flavour  and  bouquet  to  old  bottled  wines.  The 
third  thing  that  may  happen  is  the  exhaustion  of  the  sac- 
charine in  the  medium,  and  when  this  occurs  the  yeast  cells 
live  for  a time  upon  the  reserve  of  glycogen  that  they  have 
stored  up  within  them,  hut  eventually,  unless  they  are  pro- 
vided with  a fresh  supply  of  saccharine,  they  languish  and 
die. 

The  phenomena  of  fermentation  vary  with  the  tempera- 
ture, amount  of  aeration,  etc.,  so  that  it  is  quite  possible  to 
obtain  a free  cell  proliferation,  a free  production  of  alcohol,  or 
even  the  two  combined  ; for  instance,  if  a continual  current 
of  air  is  made  to  pass  through  a wort  that  has  been  impreg- 
nated with  yeast,  the  cell  proliferation  is  much  greater  than 
in  a wort  that  is  still.  If,  on  the  contrary,  we  desire  an 
abundant  production  of  alcohol  as  well  as  much  cell  prolifera- 
tion, the  current  of  air  must  be  passed  through  the  wort 
before  the  yeast  is  added,  after  which  it  is  left  until  it  is  in 
full  activity,  when  it  is  again  submitted  to  aeration. 

In  order  to  obtain  cells  in  a state  of  vigour,  we  must 
collect  them  at  a time  when  the  fermentation  is  in  full 
activity,  or  at  least  we  must  not  wait  until  the  wort  is  ex- 
hausted of  either  its  saccharine,  albuminoid,  or  mineral 
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elements,  for  then  the  cells  would  be  at  the  end  of  their 
vigour  and  probably  about  to  degenerate.  It  is  easy  to  con- 
ceive that  yeast  cells  collected  at  a time  when  they  are 
gorged  with  a reserve  of  glycogen,  then  duly  oxygenated,  and 
finally  preserved  in  a latent  state  (by  a process  we  shall 
describe  in  a subsequent  chapter),  possess  a power  of  effecting 
a footing  and  maintaining  a hold  even  in  an  unfavourable 
medium,  and  exercising  their  functions  therein  by  means  of 
the  richness  of  the  reserve  food  they  have  stored  up  : this  is 
especially  the  case  when,  in  addition  to  their  own  store,  they 
have  added  to  them  such  food  as  they  require  when  under 
anaerobic  conditions,  and  this  is  one  of  the  most  important 
points,  demanding  all  our  care  and  attention  in  the  prepara- 
tion of  the  material  to  be  injected  together  with  the  yeast 
cells  when  used  therapeutically.  Our  cells  resemble  the 
soldier  who  carries  three  days’  rations  on  his  own  person,  in 
addition  to  which  there  is  the  commissariat  train,  on  which 
he  can  depend,  as  it  is  quite  uncertain  as  to  what  food,  if  any, 
he  may  get  in  the  country  he  is  about  to  invade.  For  the 
invasion  to  be  a success,  absolute  and  extreme  purity  are 
essential  conditions — purity  of  the  yeast  cell,  purity  of  the 
aeration,  and  purity  by  sterilization  of  the  added  nutrient 
material. 

We  have  seen  that  the  saccharine  elements  have  been 
split  up  by  the  action  of  the  yeast  cell  during  fermentation, 
but  this  is  not  all  that  goes  on,  for  the  same  phenomenon 
occurs  with  the  nitrogenous  and  mineral  matters  that  are 
present  in  the  wort,  the  cell  extracting  from  them  what  it 
requires,  and  returning  to  the  surrounding  fluid  the  whole  of  the 
residue,  which  of  course  is  variable  with  the  composition  of 
the  wort,  and  also  with  the  conditions  under  which  the 
phenomena  of  fermentation  took  place.  A slight  difference 
of  temperature  is  often  quite  sufficient  to  alter  both  the 
nature  and  relations  in  weight  of  the  products  of  fermentation, 
yet  the  most  considerable  changes,  when  proper  precautions 
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are  neglected,  are  due  to  impurities,  either  in  the  yeast  itself, 
in  the  air,  or  in  the  wort. 

We  shall  have  occasion  later  on  to  say  more  upon  the 
subject  of  wild  or  foreign  ferments,  a subject  which,  as  Dr. 
de  Backer  says,  has  been  not  perhaps  the  base,  but  the  acci- 
dental cause,  of  all  our  researches. 

Besides  alcohol  and  carbonic  acid  as  products  of  fermenta- 
tion, formerly  believed  to  have  been  the  only  ones,  we  have 
mentioned  succinic  acid,  discovered  by  Schmidt  of  Dorpat, 
and  glycerine,  first  noticed  by  a German  apothecary,  but 
chiefly  made  known  by  Pasteur.  It  may  reasonably  be  asked, 
Where  do  these  bodies  come  from  ? Let  us  turn  to  the 
formula  promulgated  by  Gay  Lussac,  who  was  quite  unaware 
of  the  presence  of  these  two  bodies.  Cane  sugar,  C12H22On, 
with  one  molecule  of  water,  H20,  is  changed  by  invertin  into 
grape  sugar,  C12H24012,  which  is  still  further  split  up  by  the 
yeast  cell  into  4C2H0O  (alcohol)  and  4C02  (carbonic  acid). 

Now,  1 ,000  grammes  of  saccharose  after  fermentation 
yields  rather  more  than  1,036  grammes  of  products  in  the 
following  proportions  : 


Alcohol 
Carbouic  acid 
Glycerine  ... 
Succinic  acid 
Other  bodies 

... 

506-15 

492-95 

28-30 

4-52 

4-11 

1,036-03 

The  other  bodies  consist  of  higher  alcohols,  glycols,  sethers, 
acetic  acid  and  nitrogenous  matters.  Now,  glycerine  being  a 
compound  of  carbon,  hydrogen  and  oxygen  (C3H803),  it  may 
possibly  be  produced  from  compounds  of  the  same  elements, 
such  as  sugars  ; but  if  so,  it  is  a most  extraordinary  reaction, 
utterly  beyond  all  laboratory  skill,  hence  we  are  forced  back  to 
the  opinion  that,  after  all,  the  chemical  equation  of  Gay  Lussac 
is  perfectly  correct,  and  that  the  true  source  of  the  glycerine 
must  be  found  elsewhere,  and  the  solution  may  be  found  in 
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the  action  of  metabolism  by  the  protoplasm  of  the  yeast 
cells,  which  throw  it  out  or  exude  it  as  an  excretion. 
Udransky  has  shown  that  glycerine  is  formed  just  at  the 
time  when  the  wort  begins  to  be  exhausted  and  the  yeast 
cells  inclined  to  enter  into  degeneration.  It  is  therefore 
most  probable  that  the  glycerine  originates  from  the  decom- 
position of  the  fatty  matters  which  the  cells  always  contain 
within  their  protoplasm,  and  which  can  be  separated  without 
much  difficulty  by  macerating  the  cells  in  a mixture  of  rnther 
and  alcohol  for  forty-eight  hours.  The  succinic  acid  (C4H405) 
is  probably  formed  synthetically  by  the  oxidation  of  butyric 
acid  (C4Hs02)  or  the  reduction  of  malic  or  tartaric  (C4H406) 
acids,  which  are  nearly  always  present,  in  combination,  in 
fermentable  fluids.  The  remaining  elements — higher  alcohols, 
etc. — as  enumerated  above,  are  in  all  probability  due  to  the 
phenomena  of  the  process  of  degeneration  in  the  yeast  cells, 
and  the  presence  of  leucin  and  tyrosin  amongst  the  nitrogenous 
matters  reminds  us  very  forcibly  of  the  waste  products  of  the 
human  body  : it  is  only  in  large  quantities  that  these  pro- 
ducts of  metabolism  are  at  all  important,  and  as  we  are  most 
careful  to  catch  our  yeasts  at  their  full  vigour,  we  practically 
prevent  them  from  being  excreted,  and  in  any  case  their 
extremely  small  quantity  would  have  no  deleterious  effect. 

We  may  form  some  opinion  upon  the  enormous  vital 
energy  of  these  microscopic  bodies  when  we  come  to  consider 
that  quite  a small  quantity  of  them,  a mere  pinch,  in  fact,  is 
sufficient  to  produce  the  complete  metamorphosis  of  a kilo- 
gramme of  sugar,  to  acquire  chemically  a quantity  of  water 
weighing  55  grammes,  during  the  inversion  of  the  sugar  into 
glucose  ; to  split  this  up,  to  utilize  the  energy  and  caloric 
thus  set  free  in  organizing  and  manufacturing  the  various 
elements  necessary  to  the  development  of  the  young  cells, 
which  have  by  this  time  amounted  to  about  15  grammes 
(reckoned  in  the  dry  state).  A wonderful  power,  truly  ; let 
us,  then,  use  this  power  in  overcoming  and  conquering  disease. 
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Fermentations  by  bacteria  differ  but  in  degree.  We  have 
already  observed  that  these  microbes  increase  and  multiply 
by  division  of  their  cells,  but  we  must  here  point  out  that  this 
process  cannot  take  place  unless  the  bacteria  are  placed  in  a 
medium  of  growth  suitable  to  each  individual  species — that  is 
to  say,  provided  with  proper  food  and  in  favourable  surround- 
ings ; these  being  provided,  cell  multiplication  takes  place 
with  enormous  rapidity,  much  faster  than  the  yeast  cells  can 
accomplish  by  gemmation.  But  although  the  actual  mode 
and  rapidity  may  differ,  the  life-history,  nevertheless,  is  very 
much  the  same  in  both.  The  bacterial  cell  absorbs  the  food 
into  its  interior,  splits  it  up,  retaining  as  much  as  it  needs, 
and  ejects  the  remainder  in  the  form  of  simpler  and  more 
stable  compounds  ; this  process  is  nothing  more  nor  less  than 
fermentation,  which  may  be  fulminating  in  its  manifestation 
as  plague,  or  it  may  be  hardly  perceptible,  as  in  the  gradual 
falling  away  of  decaying  plants  or  animals.  Indeed,  this  ulti- 
mate reduction  of  organic  substances  into  simple  elements  is 
the  great  role  in  Nature  that  bacteria  are  designed  to  play, 
and  it  cannot  be  denied  that  this  is  a most  beneficent  ordina- 
tion ; it  is  only  when  the  pathogenic  bacteria  attempt  to 
exceed  their  role  by  reducing  us  to  simple  elements  before  we 
have  accomplished  our  life’s  work,  that  it  is  necessary  and 
imperative  to  keep  them  within  due  bounds  or  destroy  them. 
Fortunately,  most  bacteria  are  innocuous  to  living  plants  and 
animals,  and  carry  on  their  appointed  task  of  breaking  down 
and  resolving  dead  organic  matter  by  a process  of  fermenta- 
tion called  putrefaction  ; so  many  kinds  of  bacteria,  so  many 
different  kinds  of  fermentation,  all,  however,  being  on  the 
same  plan,  which  is  the  abstraction  of  a small  portion  of  the 
organic  chemical  constituents,  for  their  own  nutrition,  from  the 
dead  substances  with  which  they  come  in  contact,  whereby 
the  chemical  equilibrium  is  destroyed  and  the  residue  recom- 
bines into  simple  inorganic  elements.  Before  this  final  stage 
is  reached  these  products,  or  residues,  may  remain  for  some 
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time ; they  are  frequently  poisonous,  sometimes  intensely  so, 
especially  when  in  the  form  of  ptomaines  or  cadaveric  alka- 
loids. fortunately,  it  usually  happens  that  in  this  class  of 
fermentation,  or  putrefaction,  the  bacteria  also  excrete  gaseous 
products  possessed  of  a loathsome  and  disgusting  smell,  which 
gives  us  good  warning  to  beware.  In  addition  to  these  bacilli 
of  putrefaction,  or  saprophytes  as  they  are  termed,  we  find 
others  that  live  either  upon  the  surface  or  within  the  interior 
of  animal  or  vegetable  organisms  ; they  are  parasites,  and  may 
be  of  a distinct  advantage  to  their  host,  as  in  the  case  of  those 
bacteria  which  are  found  in  the  tubercles  on  the  roots  of  legu- 
minous plants  as  well  as  in  the  surrounding  soil,  for  these 
have  the  power  of  oxidizing  ammonia,  and  so  forming  nitrates 
and  nitrites  from  the  ammonia  of  the  soil  and  the  air,  thus 
rendering  it  into  a state  in  which  it  can  be  assimilated  by 
growing  plants.  This  process,  called  nitrification,  also  occurs 
in  well-water  that  has  become  contaminated  with  sewage  ; 
this  kind  of  bacteria  may  also  render  service  to  the  animal 
host — a case  in  point  is  the  new-born  child,  who  would  be 
perfectly  incapable  of  digesting  the  first  milk  of  the  mother, 
unless  it  were  for  the  presence  of  the  Bacillus  coli  communis. 
This  same  bacillus  normally  plays  a friendly  part  throughout 
our  lives,  for  there  are  certain  substances  which  are  taken  into 
our  alimentary  tracts,  but  which  no  human  ferment  has  the 
power  of  dissolving  or  rendering  assimilable — such  is  the  case 
with  cellulose,  yet  it  certainly  does  get  converted  into  glucose 
and  is  absorbed,  this  conversion  taking  place  in  the  intestine 
by  this  particular  bacillus. 

On  the  other  hand,  many  other  bacterial  parasites  are  far 
from  being  an  advantage  to  their  host,  but  are  harmful, 
noxious,  and  even  deadly.  It  is  to  these  that  we  shall 
nive  the  greater  share  of  our  attention,  inasmuch  as  it  is 

O O 

to  show  the  life-history  of  these  within  the  human  body  that 
this  work  has  been  undertaken,  in  view  of  exposing  a new 
means  of  controlling  or  aborting  their  fermentations  — in 
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other  words,  of  curing  the  diseases  to  which  they  give 
rise. 

It  is  exceedingly  probable  that  all  parasitic  bacteria  were 
originally  simple,  harmless  saprophytes,  but  which  by  a perver- 
sion of  instinct  have  became  facultative,  and  finally  obligatory 
parasites.  An  example  of  this  perversion  may  be  seen  in 
dipterous  insects,  such  as  mosquitoes,  gnats  and  horseflies, 
whose  natural  food  is  the  juice  of  reeds  and  succulent  plants, 
but  which  have  come  to  look  upon  man  and  other  animals  as 
ambulant  plants.  No  very  clear  line  can  be  drawn  between 
parasites  and  saprophytes,  for  we  may  see  some  species  of 
virulent  parasitic  bacteria,  when  under  attenuation  culture, 
taking  on  a saprophytic  action  ; or  we  may  see  the  reverse, 
such  as  in  cases  in  which  the  bacillus  of  tetanus  or  of 
malignant  oedema  has  gained  access  to  the  blood  current  of 
the  economy — bacilli  whose  natural  habitat  is  the  soil  of 
stables  or  gardens  respectively. 

What  we  have  already  said  about  yeasts  we  must  also 
repeat  here,  and  with  greater  stress,  concerning  bacteria, 
which  is  the  importance  of  the  media  and  other  conditions  of 
culture  best  suited  to  the  development  of  the  various  indi- 
vidual species.  With  yeasts  these  conditions  have  been 
thoroughly  well  ascertained  ; we  know  the  food,  the  tempera- 
ture, the  amount  and  best  period  of  aeration,  with  other  con- 
ditions requisite  for  each  variety,  but  what  do  we  know  about 
the  food  of  choice  or  conditions  of  predilection  preferred  by 
the  many  different  bacteria  which  invade  the  body,  and 
against  which  we  have  to  contend  ? Next  to  nothing ! And 
what  do  we  know  of  the  chemical,  or  physiological,  or  chemico- 
physiological  condition  of  the  contents  of  our  own  bodies, 
which  are  sometimes  in  a state  of  receptivity  for  bacterial 
fermentation,  and  at  others  in  a state  of  resistance  ? Very 
little  ! Our  bodies  may  be  compared  to  a wine  or  beer  cask, 
represented  by  the  skin  and  mucous  membranes,  full  of  a wort 
whose  composition  is  more  or  less  generally  known,  but  which 
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is  constantly  varying  from  hour  to  hour  ; this  is  represented 
by  the  blood,  lymph,  and  softer  tissues.  If  a wort  be  pre- 
viously sterilized,  and  the  cask  also,  which  is  then  hermetically 
sealed,  no  fermentation  can  ever  take  place,  because  no  ferment 
can  ever  get  in.  So  also  may  the  wort  in  our  bodies  be 
hermetically  sealed  against  invasion  by  the  continued  action 
of  the  nervous  system  which  governs  our  organism,  and  if 
this  be  sound  and  vigorous,  a potential  sterilization  of  our 
blood  and  tissues  is  maintained.  As  the  cask  is  assailed  by 
myriads  of  ferments  from  without,  so  are  our  bodies  by 
exposure  and  by  ingested  food,  but  no  harm  can  happen  to  the 
economy  so  long  as  the  balance  of  nerve  control  is  main- 
tained ; let,  however,  some  little  accident  cause  a minute 
puncture  in  the  cask,  or  let  the  nerves  relax  their  control  over 
the  system  : ferments  enter,  infection  has  occurred,  and  fermen- 
tation will  commence.  Not  at  once,  however ; sometimes, 
indeed  frequently,  the  nerve  control  is  regained,  and  our 
resisting  forces,  partly  described  already,  are  called  up,  come 
into  action,  destroy  the  bacteria,  and  so  save  the  system  ; in 
this  we  have  the  advantage  over  the  wort  in  the  cask. 

Let  us  strain  the  analogy  another  link.  The  formed  fer- 
ments having  effected  an  entry,  there  exists  a period  of 
tranquillity  in  the  medium,  be  it  blood  or  wort  : this  quies- 
cence is  merely  relative,  and,  although  nothing  can  be  detected 
by  the  senses,  yet  cell  proliferation  is  actually  going  on,  and 
this  constitutes  the  period  of  incubation,  lasting  a varying 
time  according  to  the  nature  of  the  infection — that  is  to  say, 
as  to  what  particular  yeast  lias  effected  an  entrance  into  the 
cask,  or  what  specific  bacterium  has  invaded  the  blood. 
Knowledge  of  the  interval  which  elapses  between  the  time 
of  infection  and  film  formation  in  one  case,  of  sickening  in  the 
other,  is  of  very  great  importance  in  enabling  us  to  decide 
with  what  particular  ferment  we  have  to  deal.  The  first 
manifestation  of  fermentation  in  yeasts  is  seen  by  the  forma- 
tion of  films,  and  in  disease  by  the  phenomena  called  sicken- 
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inor  • from  this  time  onwards  the  fermentation,  or  fever,  is  in 
full  swing,  accompanied  by  rise  of  temperature.  Each  fermen- 
tation or  disease  has  its  own  peculiarities  : the  Germans  use 
ice  very  largely  to  control  the  temperature  in  their  fermenta- 
tions ; physicians  also  use  it  largely  to  reduce  temperature  in 
zymotic  diseases.  Not  only  are  peculiarities  of  temperature 
noted  in  fermentations,  but  peculiarities  many  and  various, 
called  phenomena  when  speaking  of  industrial  fermentations, 
hut  termed  symptoms  in  those  pathological,  i.e.,  disease.  The 
ebullition  of  fermentation,  or  fever,  may  attain  such  propor- 
tions that  the  cask  may  burst ; we  are  told  not  to  put  new 
wine  into  old  bottles,  or  the  patient  may  die  from  the  in- 
tensity ; otherwise  the  fermentation,  or  fever,  subsides,  con- 
valescence ensues,  a condition  in  which  an  addition  of  the 
same  ferment  will  produce  no  further  action : this  forms  one 
kind  of  immunity.  As  the  animal  had  an  advantage  over 
the  cask  by  means  of  its  power  of  being  sometimes  able  by  its 
vitality  to  destroy  the  ferment  at  the  commencement,  so  at 
the  close  it  is  at  a disadvantage.  For  although  the  cask  may 
he  strained,  and  rendered  rather  leaky,  it  is  not  much  the 
worse  ; but  the  animal  system  may  be,  and  usually  is,  de- 
finitely poisoned  by  the  products  of  excretion  of  the  bacteria, 
called  ‘toxins,’  which  have  the  power  of  dissolving  the  tissues  by 
a species  of  digestive  action,  so  that  the  patient  is  a long  time 
in  recovering,  it  may  be  years,  or  he  may  never  recover,  but 
die  of  secondary  poisoning.  This  is  particularly  the  case  after 
diphtheria,  and  in  a less  degree  after  influenza,  in  which,  if 
death  does  not  actually  occur,  a long,  slow,  extraordinary 
convalescence  commences,  in  which  the  weakness  and  general 
prostration  is  out  of  all  proportion  to  the  length  or  severity 
of  the  original  attack.  There  can  be  little  doubt  that  this 
tremendous  depression,  insomnia,  and  feebleness  of  the  heart’s 
action,  is  entirely  due  to  the  effects  of  the  toxalbumoses  pro- 
duced by  the  fermentation  of  the  influenza  bacillus. 

Although  immunity  is  attained,  which  in  some  cases  may 
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last  the  whole  of  life,  as  generally  in  small-pox,  or  for  only  a 
very  short  time,  as  in  influenza,  the  system  is  immune  to  this 
particular  ferment  only  ; indeed,  it  happens  at  times  that  the 
result  of  one  kind  of  fermentation  may  actually  predispose  to 
the  action  of  another,  as  is  seen  in  the  strange  relationship 
which  exists  between  scarlet  fever  and  diphtheria ; a some- 
what similar,  instance  is  the  preparation  for  an  acetous 
fermentation  by  one  that  is  alcoholic,  the  former  not  being 
possible  until  the  latter  has  preceded  it.  Besides  this  prepara- 
tion of  a medium  by  one  kind  of  ferment  for  the  subsequent 
development  of  another,  there  remains  yet  another  pheno- 
menon to  be  considered,  which  is  that  of  bacterial  concurrence , 
by  which  is  meant  that  one  species  of  bacterium  cannot  under 
certain  conditions  exercise  its  full  functions  unless  in  the 
presence  of  a certain  other  kind.  Iioger  has  shown  that  the 
rabbit  is  ordinarily  refractory  to  symptomatic  anthrax ; but 
if  the  Bacillus  prodigiosus,  or  even  its  soluble  products,  be 
injected  at  the  same  time  as  that  of  anthrax,  the  rabbit  will 
take  this  disease,  from  which  it  will  die  in  forty-eight  hours. 
The  odd  part  of  this  is  that  the  Bacillus  prodigiosus , and  its 
products  likewise,  are  perfectly  harmless  to  the  rabbit  when 
used  alone.  This  principle  of  concurrence  has  been  made  use 
of  by  Dr.  Coley  in  the  preparation  of  his  serum  for  the  cure 
of  malignant  disease,  which  he  makes  by  mingling  the  life- 
products  or  toxins  of  the  streptococcus  of  erysipelas  with 
those  of  the  Bacillus  prodigiosus  just  mentioned.  Dr.  Boken- 
ham  has  also  suggested  an  antidiphtheritic  serum  composed 
of  the  usual  antitoxin  with  equal  parts  of  the  toxins  of  the 
erysipelas  streptococcus. 

Finally,  we  have  to  consider  microbic  associations,  in  which 
bacteria  of  various  sorts  live  together  in  symbiosis  and  har- 
mony, each  playing  its  own  particular  part  distinct  from  the 
others  ; an  example  may  be  seen  in  Nature  in  the  fermenta- 
tion of  kephir  (the  national  drink  of  the  Caucasus),  wherein 
an  alcoholic  ferment  and  a lactic  ferment  exist  side  by  side. 
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Perhaps  a more  familiar  example  may  be  found  in  ginger- 
beer,  the  national  drink  of  the  English  schoolboy ; here  we 
hnd  an  ordinary  yeast  existing  in  close  symbiosis  with  a 
bacterium,  their  united  effect  being  the  production  of  a little 
alcohol  with  a large  amount  of  lactic  and  carbonic  acids.  As 
an  example  in  disease,  I would  direct  the  reader’s  atten- 
tion to  the  sputa  of  patients  in  an  advanced  state  of 
phthisis,  in  which  we  find  not  only  the  bacillus  of  tubercle, 
but  pneumococci  and  other  diplococci,  also  Staphylococcus 
pyogen&s  albus  and  others,  streptococci,  tetracocci,  Bacillus 
pyogenes  fceticlus,  Jluovescens,  putridus,  pyocyanicas,  and 
others ; any  or  either  of  these  may  be  present  with  any  other, 
and  I have  seen  some  cases  in  which  every  one  has  been 
present : it  is  the  mixture  of  these  various  toxins  getting  into 
the  blood  and  digesting  the  tissues  that  has  hitherto  rendered 
the  cure  of  phthisis  so  hopeless  after  the  first  stage  is 
past. 

Before  proceeding  to  the  study  of  the  chemical  or  chemico- 
biological  changes  caused  by  the  bacterial  fermentations 
already  described,  it  would  be  well  to  take  a cursory  glance 
at  some  others.  The  transformation  of  ammonia  by  oxidation 
into  nitrates,  etc.,  has  been  shown  to  be  due  to  the  action  of 
bacteria,  and  closely  allied  to  this  fermentation  by  oxidation 
is  the  industrial  manufacture  of  vinegar,  in  which  alcohol  is 
oxidized  by  the  Bacillus  ctceti  into  acetic  acid,  two  atoms  of  the 
hydrogen  of  the  alcohol  being  replaced  by  one  atom  of  oxygen, 
thus  : C2H60  = 02H.,Oo,  or,  more  correctly,  CH3,CH2,OH 
(alcohol)  = CHo, CO, OH  (acetic  acid).  The  opposite  to  this  is 
seen  in  fermentation  by  hydration,  which  is  seen  in  the  con- 
version of  urea  into  ammonium  carbonate  by  the  acquisition 
of  two  molecules  of  water,  thus:  CO(NH4)2  (urea)  + 2H20 
(water)  = C0(NH40)2  (ammonium  carbonate);  also,  in  lactic 
fermentation  we  find  hydration  in  which  one  molecule  of 
water  is  acquired,  thus  : C12H22On  (milk-sugar)  + H20  (water) 
= 2Cf,H12()6  (dextrose),  this  hydration  being  further  altered 
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by  a simple  decomposition,  by  which  the  2C(JH120(3  (dextrose) 
becomes  4C3H603  (lactic  acid). 

There  still  remains  one  more  fermentation  to  be  noticed, 
which  is  that  of  reduction,  wherein  the  carbo-hydrates  and 
fatty  acids  undergo  a change,  part  of  the  carbon  being  oxidized 
and  given  off  as  carbonic  acid,  part  of  the  hydrogen  being 
given  off  in  a free  state,  and  part  as  water.  These  fermenta- 
tions may  be  seen  in  the  fermentations  of  cheese,  the  turning 
of  butter,  the  butyric  fermentation  of  milk,  etc.  A somewhat 
similar  process  goes  on  in  the  body  by  the  enzymes  contained 
in  the  protoplasm  of  certain  cells. 

The  study  of  these  various  bacterial  fermentations,  from  an 
industrial  point  of  view,  has  been  largely  undertaken  on  the 
Continent,  and  is  also  gaining  ground  in  America.  The 
dairy-farmers  there  are  enabled  to  produce  with  great  uni- 
formity a class  of  butter  possessing  the  choicest  flavour,  conse- 
quently fetching  the  highest  price  ; and  little  Denmark,  from 
being  one  of  the  most  impoverished  States  in  Europe  only  a 
very  few  years  ago,  is  to-day  one  of  the  most  prosperous, 
solely  owing  to  the  enterprise  of  her  dairy-farmers  and 
agriculturists,  who  study  their  business  from  a scientific  point 
of  view  ; therefore  their  products  find  a ready  sale  in  other 
countries,  especially  in  England,  whose  farmers  are  quite 
content  to  jog  on  in  the  same  way  that  contented  their 
forefathers,  and  who  do  not  care  to  interest  themselves  in 
new  - fangled  notions.  Hence  we  hear  a good  deal  about 
agricultural  depression. 

The  products  of  bacterial  fermentation  are  so  important 
that  they  deserve  more  than  a passing  word.  Yet  the  subject 
is  one  beset  with  difficulties,  inasmuch  as  the  composition  of 
the  media  in  which  the  pathogenic  bacteria  exert  their  func- 
tions is  often  so  complex  that  we  can  say  very  little  about 
the  formation  of  the  products,  how  much  is  due  to  the  splitting 
up  of  the  constituents  of  the  medium,  and  how  much  to  meta- 
bolism of  the  protoplasm  of  the  bacterial  cell.  Analogy  may 
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be  drawn  from  the  fermentations  of  yeasts,  inasmuch  as  we 
know  that  the  formation  of  alcohol  beyond  a certain  point 
arrests  the  action  of  yeast  cells,  hence  alcohol  may  very  justly 
be  termed  the  toxin  of  yeast.  We  have  already  mentioned 
that  law  of  Nature  by  which  all  beings  are  destroyed  when 
exposed  to  their  own  excretions,  and  this  law  is  very  rigorously 
applied  to  bacteria,  for  although  their  products  or  toxins  are 
exceedingly  deadly  to  creatures  of  a higher  type,  they  are 
just  as  deadly  poisonous  to  the  very  creatures  which  gave 
them  origin.  Let  us,  then,  see  as  far  as  we  can  what  are  the 
products  of  the  life-history  of  bacteria  as  revealed  by  experi- 
ment. 

Given  the  special  bacterium,  the  special  composition  of  the 
medium,  with  the  special  conditions  experiment  has  proved 
to  be  the  most  suitable  for  it,  it  should  not  be  difficult  to 
ascertain  the  results,  and  this  can  fairly  well  be  done  by 
experiments  in  vitro.  We  need  not  enter  into  the  question 
of  the  products  of  bacterial  fermentation  that  are  found  useful 
in  industrial  occupations,  as  they  have  no  bearing  upon  the 
object  of  this  work.  There  remain,  then,  the  products  of 
pathological  fermentations  to  be  considered,  wherein  the  blood 
and  tissues  of  man  and  other  animals  are  the  media,  and  their 
bodies  the  containing  vessels.  The  simis  or  manifestation 
that  pathogenic  bacteria  have  successfully  invaded  the 
system  happen  so  long  after  the  actual  infection,  that  the 
blood  is  by  that  time  considerably  altered  from  the  condition 
which  obtained  at  that  particular  time,  the  long  interval 
rendering  it  almost  impossible  for  us  to  ascertain  what  was 
the  then  actual  chemical  or  biological  condition,  especially  in 
regard  to  that  of  the  leucocytes  ; consequently  we  have  rather 
to  work  backwards,  as  it  were,  and  find  out  what  are  the 
general  conditions  that  confer  resistance  in  the  healthy  body, 
and  what  deviations  from  them  permit  the  invasion  by  fer- 
ments. These  points  will  be  discussed  in  the  next  chapter, 
under  the  head  of  Immunity. 
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The  phenomena  of  bacterial  fermentation  commence,  just 
as  in  the  fermentation  of  yeasts,  with  activity  of  the  soluble 
ferments,  or  enzymes,  contained  within  them  ; these  enzymes 
are  themselves  highly  poisonous  to  the  animal  economy  ; a 
common  term  for  them  is  the  intracellular  poison.  Most 
bacteria  absorb  proteid  substances  within  their  protoplasm 
when  they  become  introduced  to  the  enzymes,  which  imme- 
diately exercise  their  functions  upon  them  and  split  them 
up,  the  cell  retaining  within  itself  the  constituents  necessary 
for  its  growth  and  multiplication,  the  residue  being  excreted 
as  substances  called  albumoses,  which  have  acquired,  by  the 
process  to  which  they  have  been  subjected  in  the  bacterial 
protoplasm,  a toxicity  more  or  less  virulent  : these  albumoses 
are  also  known  as  toxalbumins,  or,  more  correctly,  toxalbu- 
moses.  In  some  bacteria  it  appears  that  this  intracellular 
poison  is  more  diffusible  than  in  other  species  ; hence  some 
escapes  from  the  cell  at  the  time  of  the  excretion  of  the 
toxalbumoses,  and  is  diffused  into  the  surrounding  medium, 
which  explains  how  it  is  that  bacteria,  which  are  confined 
locally  to  certain  regions  of  the  body,  beyond  which  they 
do  not  travel,  such  as  those  of  cholera  and  diphtheria,  are 
teletyptic  in  their  action,  being  able  to  produce  toxic  digestion 
of  tissues  in  regions  remote  from  their  personality.  We  are 
quite  unaware  of  the  nature  of  these  enzymes  or  intra- 
cellular poisons,  nor  do  we  know  whether  more  than  one 
kind  of  enzyme,  possessing  different  properties,  may  be 
enclosed  in  a single  bacterial  cell ; this  may  be  the  case, 
for  it  is  certain  that  in  the  case  of  diphtheria,  for  instance, 
there  are  formed  two  different  kinds  of  toxalbumoses  ; these 
substances,  after  quitting  the  bacterial  cell,  become  altered 
into  toxipeptones,  and  in  some  cases,  as  in  diphtheria  again, 
to  organic  bases  and  acids,  either  by  the  further  action  of 
the  diffused  enzyme,  or  by  protoplasmic  action  of  the 
natural  cells  of  the  body  wherein  they  suffer ; probably  the 
latter  is  correct,  for  it  is  certain  that  it  is  the  toxalbumoses 
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which  cause  the  after -paralysis  in  diphtheria,  and  not  the 
organic  acid,  which,  with  very  good  reason,  may  be  regarded 
as  an  alexin. 

Not  only  are  toxalbumoses,  which  are  also  called  ‘ extra- 
cellular poisons,’  from  either  being  formed  outside  the  bacterial 
cell,  or  at  least  ejected  from  it,  formed  by  bacterial  fermenta- 
tion, but  also  other  bodies  resembling  the  vegetable  alkaloids  ; 
they  are  very  akin  to  the  leucomaines  or  alkaloids  normally 
formed  in  the  body  from  the  metabolism  of  tissues.  The 
alkaloids  formed  by  bacterial  metabolic  action  are  termed 
ptomaines,  and  are  no  doubt  normally  formed  from  the  food 
in  the  intestines  by  the  bacteria  which  are  always  present 
there  ; but,  as  a general  rule,  their  poisonous  properties  are 
immediately  neutralized  by  the  bile  ; when  from  any  cause 
this  does  not  happen,  a kind  of  auto- intoxication  results, 
from  the  absorption  and  subsequent  storage  of  these  un- 
neutralized ptomaines  within  the  system,  which  becomes 
considerably  deranged  thereby.  When  ptomaines  which  are 
formed  outside  the  body  are  accidentally  ingested  with  food, 
they  are  absorbed  in  the  stomach,  to  which  the  bile  has  no 
access,  with  the  result  that  the  whole  system  is  speedily 
poisoned,  only  too  often  ending  in  death.  An  example  in 
point  is  the  sad,  and  at  first  mysterious,  death  of  a promising 
young  officer  of  Engineers  at  Chatham  a very  few  years  ago, 
which  was  proved  to  have  been  due  to  the  eating  of  a tinned 
sardine.  A few  months  afterwards  an  instance  of  ptomaine- 
poisoning  from  the  same  cause  came  under  the  notice  of  the 
writer ; out  of  a family  of  seven  people,  six  were  very 
seriously  ill,  and  one  of  them  very  nearly  died  ; copious 
vomiting,  freely  encouraged,  got  rid  of  most  of  the  ptomaines  ; 
any  that  remained  must  have  passed  the  pylorus,  and  so 
come  under  the  destructive  power  of  the  bile.  We  have 
more  chance  of  saving  the  patient  when  sardines  are  the 
offenders,  because  the  poison  is  often  surrounded  by  a coating 
of  oil,  which  is  not  digested  in  the  stomach. 
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Ptomaines  and  other  cadaveric  alkaloids  are  the  products 
of  saprophyte  bacteria  by  the  putrefactive  fermentation  of 
dead  animal  and  vegetable  tissues  (see  p.  40) ; most  of  them 
are  poisonous,  those  derived  from  fish  being  so  particularly. 
Many  of  them  may  be  produced  by  synthesis,  and  these 
possess  all  the  specific  actions  upon  the  living  animal,  just 
in  the  same  manner  as  those  alkaloids  produced  by  decom- 
position. Under  the  name  of  ptomaines  a large  number  of 
cadaveric  alkaloids  are  included,  which  differ  from  each  other, 
yet  all  possess  certain  characteristics  in  common ; they  con- 
sist of  a nitrogenous  base  having  an  alkaline  reaction,  are 
generally  crystalline,  colourless,  insoluble  in  water,  but 
soluble  in  alcohol  and  chloroform,  bear  a close  analogy  to 
the  vegetable  alkaloids,  are  pungent  and  acrid  to  the  taste  ; 
they  combine  with  acids  to  form  salts,  which  differ  from  the 
alkaloids  themselves,  inasmuch  as  they  are  soluble  in  water, 
less  so  in  alcohol,  and  completely  insoluble  in  chloroform  ; 
their  bases  are  precipitated  from  their  solutions  by  alkalies. 

We  need  not  concern  ourselves  further  with  these  bodies, 
for  what  we  have  said  is  quite  sufficient  for  the  scope  of  this 
work  ; their  properties  and  peculiarities  may  be  studied  in 
books  on  bacteriology.  The  diffusible  enzymes  and  toxalbu- 
moses  are  of  great  importance  to  us  in  our  present  quest, 
for  it  is  upon  the  knowledge  of  these  that  the  modern  treat- 
ment by  serumtherapy  has  been  founded,  and  our  still  later 
treatment  by  pure  ferments  fixed  on  a sound  scientific 
basis. 

As  yet  our  knowledge  concerning  these  enzymes,  intra- 
cellular toxins,  or  toxin-producing  ferments,  is  all  too  limited  ; 
they  have  not  yet  been  isolated  in  a pure  condition  ; the  very 
name  ‘ toxin  ’ has  been  exceedingly  loosely  applied  to  any  sub- 
stance either  contained  in  the  protoplasm  of  the  bacterial 
cell,  secreted  or  excreted  by  it,  as  well  as  to  the  results 
produced  by  their  action  either  upon  the  media  of  their 
culture  in  vitro  or  within  the  living  body  by  digestive  action 
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on  the  tissues.  Their  absolute  chemical  natures  are  unknown, 
and  probably  differ  considerably,  according  to  the  media  in 
which  they  have  been  elaborated.  The  toxalbumoses,  how- 
ever, may  be  effectually  separated  by  filtration  through 
porcelain,  which  retains  the  bacterial  cells,  but  allows  the 
soluble  products  to  pass  through  ; the  filtrate  is  then  evapo- 
rated down  to  a third  of  its  bulk  in  vacuo , at  a temperature 
under  30  C.,  and  precipitated  by  the  addition  of  absolute 

alcohol ; the  precipitate  is  dissolved  in  sterilized  water,  and 
again  precipitated,  this  process  being  repeated  some  half- 
dozen  times.  The  final  product  is  a snow-white  mass,  con- 
taining the  properties  of  the  original  fluid,  as  regards  its 
toxic  effect,  when  injected  into  the  animal  economy. 

It  will  bear  repetition  to  say  that  all  creatures  languish 
and  die  when  shut  up  with  their  own  excretions  or  those  of 
their  own  kind,  of  which  an  instance  is  afforded  by  the  history 
of  the  Black  Hole  of  Calcutta,  in  which  146  were  incarcerated 
on  June  20,  1756.  The  room  measured  no  more  than  20 
feet  square,  and  was  provided  but  with  two  small  windows, 
consequently  the  morning  of  the  21st  found  only  23  people 
alive ; the  remainder  had  died  chiefly  from  the  effect  of  the 
carbonic  acid  given  off  from  the  lungs  and  the  skin  of  the 
prisoners,  the  time  being  too  short  for  the  other  excreta  to  be 
reckoned  as  factors. 

As  with  the  highest  creatures,  so  with  the  lowest,  the 
bacteria ; not  only  is  this  the  case  in  respect  to  themselves, 
but  it  is  still  further  true  that  their  excreta  render  a medium 
unfit  for  the  growth  and  development  of  a succeeding  genera- 
tion ; this  has  been  conclusively  proved  by  Chantemesse  and 
Widal,  who  from  the  surface  of  a gelatine  culture  of  the 
typhoid  bacillus  scraped  away  all  the  products,  and  then 
impregnated  the  gelatine  medium  afresh  with  a new  culture 
of  the  typhoid  bacillus ; the  culture  was  sterile.  Now,  the 
toxalbumoses  are  the  soluble  products  or  excretion  of  bacteria, 
which,  when  they  amount  to  a certain  percentage  within  the 
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system,  render  it  unfit  for  their  own  life  or  for  those  of  their 
species,  hence  they  languish,  grow  feeble,  and  are  then  dealt 
with  by  the  natural  defensive  forces  of  the  body ; by  this 
means  recovery  takes  place,  unless  the  system  is  so  poisoned 
by  the  toxalbumoses  as  to  be  incapable  of  carrying  on  its 
function,  hence  systemic  death  ensues.  These  processes  of 
bacterial  attack  and  normal  resistance  by  cells  are  exceedingly 
complex,  and  will  be  fully  entered  into  in  the  next  chapter. 


CHAPTER  III. 


IMMUNITY. 

The  natural  resistance  to,  or  immunity  against,  any  particular 
microbe  varies  very  much,  both  as  to  the  different  species  of 
animals  and  to  different  varieties  of  the  same  species. 

Certain  animals  are  immune  against  certain  diseases,  which 
immunity  is  hereditary,  having  been  acquired  from  ancestors 
by  a process  of  survival  of  the  fittest  to  withstand  the  invasion 
of  these  diseases ; this  immunity,  which  may  seemingly  he 
complete,  exists  so  long  as  the  conditions  obtain  under  which 
it  was  originally  acquired,  and  is  complete  to  that  particular 
disease  alone  ; for  no  immunity  is  so  complete  that  there 
exists  any  animal  which  is  immune  against  all  invasion.  Thus, 
horses,  which  are  naturally  immune  against  diphtheria,  are 
very  susceptible  to  glanders,  against  which  other  animals, 
such  as  rats,  are  immune ; negroes  are  immune  against  yellow 
fever,  which  is  so  fatal  to  the  white  man,  whilst  many  diseases 
which  are  trivial  in  the  latter  may  have  a very  fatal  effect 
upon  the  former.  This  high  degree  of  immunity  is,  however, 
not  absolute,  for,  as  before  stated,  this  only  lasts  so  long  as 
the  conditions  are  maintained,  at  least,  within  certain  limits. 
Thus,  fowls  are  naturally  highly  immune  against  the  invasion 
of  tetamls,  withstanding  even  large  doses  of  the  poison 
administered  hypodermically,  yet  a dose  can  be  given  in  this 
fashion  which  is  too  great  for  the  creature’s  resistance,  and  it 
will  die  in  tetanic  spasms.  In  this  experiment  the  immunity 
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has  been  overcome  by  the  condition  of  quantity  being 
altered,  a larger  quantity  of  poison  having  been  used  than 
any  fowl  could  possibly  acquire  by  its  own  initiative.  As  an 
instance  of  changed  surroundings,  examples  may  be  found 
among  the  cold-blooded  animals,  such  as  frogs,  which  are 
naturally  immune  against  tubercle  and  anthrax,  yet  lose  this 
immunity,  and  may  be  invaded  by  these  diseases,  should  their 
natural  conditions  of  temperature  be  altered,  and  the  animals 
maintained  in  a constant  and  warm-blooded  temperature  of 
37°  C. 

Immunity  may  be  of  a less  high  degree  than  the  fore- 
going, in  which  case  an  animal  is  said  to  be  refractory  to  a 
disease.  A less  degree  than  this  constitutes  partial  immunity, 
which,  though  considerable,  may  be  only  temporary,  being- 
apt  to  be  suddenly  lowered  by  various  causes.  Medical  men 
and  nurses,  though  being  constantly  brought  into  contact 
with  zymotic  diseases,  enjoy  a notable  immunity  against 
them,  partly  owing  to  their  naturally  healthy  lives,  partly 
owing  to  the  steadiness  of  their  nervous  systems,  acquired 
by  the  idea  of  any  danger  to  themselves  never  even  occur- 
ring to  their  minds ; yet  this  immunity  may  be  entirely 
lost  should  the  subjects  be  exposed  to  infection  when  ex- 
hausted by  long  watching,  fatigue,  want  of  food,  or  all  causes 
combined. 

Contrary  to  the  opinion  generally  held,  that  mothers  and 
nurses  are  prone  to  be  infected  with  diphtheria  from  their 
charges,  I have  never  known  this  occur  unless  from  the 

O 7 

weakening;  of  the  nerve  control  from  one  or  more  of  the 
above-mentioned  causes.  Partial  immunity,  which  is  our 
normal  condition,  slides  in  a descending  scale  until  it  reaches 
a point  where  there  is  not  only  no  immunity  at  all,  but  a 
slight  degree  of  an  opposite  condition,  which  is  susceptibility 
or  proneness  to  disease.  Susceptibility  exhibits  the  same 
peculiarities  in  many  ways  as  does  immunity  in  respect  to  the 
different  species  and  varieties  of  those  species.  It  may  be 
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extreme,  such  as  that  of  guinea-pigs  to  tubercle  ; temporary  or 
partial,  until  it  meets  a common  neutral  point  with  im- 
munity. 

Both  immunity  and  susceptibility  depend  upon  several 
factors,  such  as  the  age  of  the  recipient,  the  condition  of  the 
nerve  control  of  the  system,  the  particular  mode  by  which 
the  microbe  or  its  toxins  attempt  the  invasion,  and,  finally, 
upon  the  condition  of  activity  or  virulence  possessed  by  the 
particular  bacteria  at  the  time  of  their  attack  upon  the 
economy.  Either  of  them  may  be  acquired  or  experimentally 
produced. 

Immunity  may  be  acquired  completely  against  some 
diseases  by  a previous  attack  of  those  same  diseases — small- 
pox, for  instance ; or  less  completely,  as  after  typhoid  fever, 
still  less  so  after  scarlet  fever,  even  less  after  measles,  until 
we  come  to  influenza,  after  which  recurrent  attacks  are 
common  ; we  then  arrive  at  an  ascending  scale  with  bronchitis 
and  facial  erysipelas,  wherein  one  attack  seems  to  render  the 
system  susceptible  to  succeeding  ones.  We  have  already 
called  attention  to  the  cellular  struggle  against  the  toxal- 
bumoses  during  the  time  that  the  bacteria  which  gave  them 
origin  are  dying  from  their  presence.  This  struggle  causes 
the  natural  cells  of  the  body  to  secrete  matters  called  alexins, 
which  come  to  help  the  system  and  destroy  the  action  of  the 
toxins.  The  cells  of  the  body,  having  once  acquired  the 
knowledge  of  how  to  do  this,  are  able  in  a more  or  less  persis- 
tent manner  to  retain  the  faculty  of  secreting  these  alexins,  or 
products  of  resistance,  which  put  the  system,  during  the  time 
the  power  lasts,  in  a state  of  resistance  to  a fresh  attack  of 
the  same  complaint — that  is  to  say,  immune  against  it.  Im- 
munity may  be  partially  acquired  by  other  factors,  such  as 
age,  change  of  climate,  etc. 

Experimental  immunity  may  be  either  direct  (preventive) 
or  indirect  (curative).  The  former  will  first  be  noticed. 
Reference  has  been  made  to  the  similarity  which  exists 
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between  the  animal  and  vegetable  alkaloids,  and  that  many 
of  the  laws  which  apply  to  the  latter  are  also  applicable  to 
the  former.  In  early  historical  times  it  was  known  that  the 
human  body  could  be  protected  against  the  virulence  of 
poisons  by  repeated  minute  or  attenuated  doses  of  those 
poisons.  Mithridates,  who  died  in  the  year  64  B.C.,  is  said  to 
have  rendered  himself  so  immune  against  all  the  then  known 
poisons  that  his  enemies  might  have  used  against  him,  that 
he  himself,  with  all  his  skill  and  knowledge,  was  unable  to 
deal  himself  death  by  poison  when  he  wished  to  escape  an 
approaching  captivity. 

This  very  same  principle,  two  thousand  years  later,  has 
once  again  been  made  use  of  in  order  to  protect  life,  for  we 
establish  an  immunity  against  a certain  disease  by  injecting 
pathogenic  microbes  into  the  animal  system,  either  in  an  ex- 
ceedingly minute  (sublethal)  dose,  or  in  which  the  virulence 
has  been  attenuated  either  by  culture  or  by  passage  through 
other  animals.  Even  this  method  has  been  considerably  im- 
proved upon,  and  we  have  gone  a step  beyond.  It  was  found 
that  injection  of  the  toxins  produced  by  pathogenic  bacteria 
in  attenuated  doses,  repeated  at  suitable  intervals,  with  a 
gradual  increase  of  dose  or  of  virulence,  induced  a high  degree 
of  immunity  which  is  direct  or  preventive,  thereby  conferring 
immunity  for  a longer  or  shorter  time,  according  to  the  par- 
ticular bacterium  and  the  particular  mode  ol  procedure. 
Haffkine’s  vaccine  against  cholera  is  a direct  or  preventive 
immunity,  and  is  produced  by  a modification  of  the  above 
process.  It  is  not  known  exactly  how  long  the  immunity 
conferred  by  this  vaccine  may  last,  though  it  is  certainly  long 
enough  to  outlast  the  duration  of  an  ordinary  epidemic. 
These  direct,  preventive,  or  active  immunities,  as  they  have 
been  called,  are  protective  only , and  are  in  no  sense  curative. 
The  various  means  of  producing  attenuation  of  the  bacterial 
virus  more  concerns  bacteriology  proper,  and  are  but  super- 
ficially noted  here  in  respect  to  the  amount  of  bearing  they 
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have  upon  our  argument  ; so  we  now  pass  on  to  indirect  or 
curative  immunity. 

In  the  course  of  various  experiments  it  was  discovered 
that  the  blood  serum  of  animals  possesses  very  decided  and 
powerful  bactericidal  properties.  The  serum  of  rats  is  able  to 
utterly  destroy  the  vitality  of  the  anthrax  bacillus  ; hence  the 
experiment  was  made  of  injecting  this  serum  into  an  animal 
susceptible  to  anthrax,  either  together  with  or  subsequently 
to  a lethal  dose  of  the  living  anthrax  bacilli,  in  order  to  ascer- 
tain whether  it  would  have  the  power  of  arresting  the  disease. 
The  experiment  was  successful,  yet  further  experiment 
showed  that  the  serum  itself  is,  with  some  species  of  bacteria, 
only  destructive  to  the  vitality  of  their  cells,  not  to  the  action 
of  their  toxins,  and  vice  versa ; this  may  be  seen  in  experi- 
ments with  Loffler’s  bacillus,  which  is  not  killed  by  a serum 
that  is  destructive  to  its  toxins,  and  will  even  grow  in  it.  It 
was  next  sought  to  ascertain  if  the  serum  of  animals  naturally 
immune  against  a disease  could  have  its  germicidal  properties 
increased  by  a process  of  direct  immunity.  The  result  has 
been  success  beyond  expectation,  and  to  this  we  owe  the  anti- 
toxic treatment  of  disease  (indirect  immunity). 

The  best-known  and  most  extensively  used  of  these  anti- 
toxins is  that  of  diphtheria,  and,  as  this  is  the  most  familiar, 
we  will  take  the  preparation  of  this  as  an  illustration  of  the 
process  usually  adopted.  A healthy  horse,  an  animal 
naturally  immune  to  diphtheria,  and,  from  its  size,  capable  of 
yielding  a large  quantity  of  serum  without  injury  to  its  health 
and  strength,  is  injected  with  a small  dose  (10  c.c.)  of  the 
toxins  from  a pure  culture  of  the  Bacillus  diphtheria ’,  from 
which  the  bacilli  themselves  have  been  eliminated  by  filtration 
through  a Chambevland  filter.  A trivial  swelling  is  produced, 
which  soon  subsides,  and  no  fever  is  produced.  As  soon  as  the 
swelling  disappears,  a fresh  injection  is  practised,  and  repeated 
two  or  three  times  a week,  the  dose  being  gradually  increased 
according  to  the  effects  on  the  horse,  which  should  be  a 
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localized  inflammatory  swelling,  with  no  effect  upon  the 
general  health  of  the  animal.  After  two  or  three  months  the 
injections,  which  have  hitherto  been  practised  subcutaneously, 
are  now  administered  into  the  jugular  vein,  the  dose  being 
still  further  increased.  The  whole  preparation  takes  about 
eight  or  ten  months  ; though  the  process  has  been  greatly 
shortened  latterly  by  Cartwright  Wood,  who  uses  two  toxins 
of  different  strengths.  When  the  animal  has  been  duly  pre- 
pared, a quantity  of  blood  is  taken,  with  aseptic  precautions, 
from  the  jugular  vein,  and  the  serum  allowed  to  separate  ; a 
very  small  addition  of  carbolic  acid  is  made,  and  it  is  then 
stored  in  tubes  for  future  use. 

The  serum  is  standardized  by  testing  a given  quantity 
against  a certain  quantity  of  toxin  whose  virulence  is  known. 
The  least  quantity  of  toxin  that  will  kill  an  animal  is  called 
the  /lethal’  dose  for  that  animal,  and  the  quantity  of  toxin 
taken  in  standardizing  is  usually  ten  times  this  lethal  dose. 
Various  standards  have  been  used,  but  the  one  devised  by 
Itoux  is  founded  on  the  plainest  principle  ; his  standard  repre- 
sents the  animal  weight  protected  by  1 c.c.  of  serum  against 
the  lethal  dose.  For  instance,  if  a guinea-pig  weighing  500 
grammes  be  protected  by  '01  c.c.  of  a serum,  then  1 c.c.  of  such 
serum  will  protect  an  animal  weighing  50  kilogrammes — that 
is,  equal  to  50,000  grammes  of  guinea-pig. 

Now,  the  object  of  the  treatment  by  antitoxin  is  to  intro- 
duce within  the  system  of  those  suffering  under  a bacillary 
fermentation  the  same  kind  of  complex  substances,  produced 
by  such  a fermentation,  which  are  present  in  the  blood  during 
convalescence,  and  which  neutralize  the  toxic  action  of  the 
albumoses.  Antitoxin  is  formed,  in  disease,  by  substances 
called  ‘ alexins,’  which  are  formed  or  secreted  by  the  leuco- 
cytes of  the  blood  and  the  lymph,  from  connective- tissue  cells 
and  others  ; from  an  animal  naturally  immune  against  a 
disease,  these  alexins  are  produced  easily  and  in  large  quan- 
tities, without  any  strain  or  drain  on  its  constitution,  which 
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happens  always  when  produced  by  susceptible  animals.  These 
alexins,  dissolved  in  the  blood  serum,  constitute  the  antitoxin 
which,  injected  into  another  animal,  acts  as  a relieving  army 
to  a besieged  force,  the  relievers  being  themselves  completely 
armoured  against  the  weapons  of  the  besiegers.  Let  us  carry 
the  simile  a step  further,  and  it  will  be  seen  that  the  earlier  the 
siege  can  be  raised,  the  better  state  will  the  besieged  be  in  ; 
if  delayed  too  long,  most  of  the  defenders  of  the  fortress  may 
be  dead,  or  so  weakened  by  the  struggle  as  to  be  only  capable 
of  dragging  on  a miserable  existence  thereafter,  the  very 
fortress  they  gave  their  utmost  to  defend  being  little  more 
than  a heap  of  ruins.  So  with  the  body  and  its  defenders  ; 
hence  the  antitoxin  treatment  must  be  begun  as  soon  as  the 
diagnosis  is  thoroughly  established,  in  order  to  gain  the 
advantages  of  the  treatment by  so  doing,  the  auxiliary 
alexins  destroy  the  toxalbumoses  as  soon  as  formed,  conse- 
quently but  little  demand  is  made  upon  the  cells  of  the 
invaded  system  to  form  alexins  of  their  own.  I cannot  tell  if 
the  cells  of  a system  which  has  been  saved  b}'  the  antitoxin 
treatment  would  have  acquired  the  power,  by  example,  of 
secreting  alexins,  and  by  that  means  of  maintaining  im- 
munity for  the  future,  or  if  the  moderate  amount  of  irrita- 
tion they  would  naturally  experience  from  the  activity  of  the 
bacteria  before  the  arrival  of  the  antitoxin  would  have  taught 
them  the  art  of  so  doing  or  not,  because  the  antitoxin  treat- 
ment has  not  yet  been  long  enough  known  for  the  question  to 
be  answered  ; but  it  will  be  interesting  to  see  how  far  people 
saved  from  death  by  this  means  are  rendered  immune  or  other- 
wise. 

It  is  said  that  nothing  very  much  is  to  be  gained  by  this 
treatment  either  in  mild  or  very  severe  cases,  and  there  may 
he  some  truth  in  this  as  regards  the  former  ; but  I am  inclined 
to  think  that  such  severe  cases  run  their  course  very  rapidly, 
and  that  the  period  in  which  the  antitoxin  treatment  would 
have  any  power  is  exceedingly  limited  and  probably  gone  by 
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before  it  is  attempted  ; again,  these  fulminating  cases  have  no 
doubt  been  invaded  by  a far  greater  dose  of  bacteria  than 
the  so-called  lethal  dose. 

In  cases  in  which  the  antitoxin  secures  a foothold,  and 
begins  to  exercise  its  power,  we  find  a reduction  in  the 
severity  of  the  symptoms,  with  a corresponding  fall  in 
temperature,  though  there  may  be  possibly  a preliminary 
rise  ; frequently  rashes  break  out  upon  the  skin  some  few 
days  after  the  injection,  but  the  reason  of  them  is  not  yet 
known ; the  antitoxin  is  finally  eliminated  from  the  body, 
like  all  other  waste,  by  the  various  emunctories ; it  has  even 
been  found  excreted  in  milk. 

The  mode  of  use  is  by  hypodermic  injection  by  means  of 
a specially  manufactured  syringe,  every  part  of  which  can 
be  taken  to  pieces  and  sterilized  ; there  are  several  excellent 
patterns  made  in  England,  being  all  founded  on  that  of 
Debove,  which  is  the  one  in  general  use  upon  the  Continent. 
Aseptic  precautions  are  essential,  and  it  is  to  be  regretted 
that  even  the  short  exposure  to  the  air  during  the  operation 
of  charging  the  syringe  cannot  be  avoided  ; it  is  open  to 
contamination  from  various  sources.  We  shall  see  later  on 
that  our  own  syringe  obviates  this  risk  entirely. 

The  best  place  for  administration  is  the  flank,  rather 
lower  down  than  the  region  of  the  spleen  ; but  if  a large 
dose  is  employed,  it  is  then  better  to  divide  the  dose,  giving 
a portion  into  each  flank  ; the  rate  of  injection  should  not 
be  too  hurried  nor  too  slow,  as  the  flow  into  the  subcutaneous 
tissue  is  decidedly  uncomfortable,  and  to  children  distressing ; 
a little  gentle  massage  over  the  spot  aids  absorption,  and 
soothes  the  patient. 

The  quantity  to  be  administered  at  a time  is  still  rather 
an  open  question,  but  the  tendency  latterly  is  towards  the 
administration  of  considerably  larger  doses  than  were  given 
at  first.  No  doubt  the  earlier  cases  received  far  too  little, 
not  much  more  than  1,500  immunity  units  being  recom- 


mended  ; now  it  has  been  found  out  that  very  large  doses 
of  antitoxin  can  be  very  well  borne ; and  beyond  the  rash 
already  mentioned,  or  some  aching  of  the  limbs,  perhaps  even 
a little  effusion  into  some  of  the  joints,  there  seems  to  be  no 
reason  why  a large  dose  should  not  be  administered  at 
once,  and,  if  Itoux’s  standard  is  adopted,  a commencement 
made  with  a full  dose,  according  to  the  weight  of  the 
patient. 

We  have  said  (p.  48)  that  it  is  the  toxalbumoses  which 
contain  the  malignant  poison,  and  that  these  are  neutralized 
by  antitoxins ; but  this  antitoxin  has  no  power  over  the 
vitality  of  the  bacilli  themselves.  Now,  the  poison  is  not 
contained  in  the  toxalbumoses  in  every  bacterial  fermenta- 
tion, but  often  in  the  non -diffusible  or  feebly  diffusible 
enzymes  of  the  bacteria ; hence  arises  the  necessity  of 
obtaining  an  antimicrobic  serum — in  other  words,  a serum 
which  is  capable  of  destroying  the  microbes  themselves,  for 
although  their  enzymes  do  not,  as  a general  rule,  travel  far 
from  the  bodies  of  the  bacteria  which  contain  them,  except 
in  the  two  diseases  before  mentioned,  yet  these  bacteria 
jwoliferate  with  such  enormous  rapidity  that  the  result  to 
the  animal  invaded  is  just  as  disastrous. 

It  happens  that  a serum  can  be  prepared  that  will  act 
as  a destroyer  of  the  vitality  of  this  kind  of  microbe  : it  is 
prepared  in  a similar  manner  to  that  of  the  antitoxin  serum  ; 
but,  instead  of  the  filtered  toxins  of  the  bacteria,  it  is  the 
bacteria  themselves  that  are  injected,  firstly  in  a defunct 
state,  but  later  on  the  living  bacteria  are  administered,  and, 
finally,  even  living  bacteria  whose  virulence  has  been  exalted 
(by  a process  afterwards  to  be  described).  A serum  prepared 
in  this  manner  from  an  animal  possesses  extreme  antimicrobic 
powers,  but  has  little  or  no  effect  over  the  toxalbumoses. 

The  results  of  the  antitoxin  treatment  have  varied  so 
much  in  the  same  and  in  different  hands  that  it  is  difficult 
exactly  to  estimate  its  value  : the  disadvantages  are,  that  it 
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can  only  be  satisfactorily  applied  early  in  the  disease  ; that  it 
is  difficult  to  judge  the  quantity  that  should  he  administered 
in  any  given  case  ; that  it  requires  special  precautions  in  its 
mode  of  application,  and  that  it  is  not  by  any  means  free 
from  danger. 

On  the  other  hand,  there  can  be  no  question  that  it  has 
greatly  reduced  the  mortality  from  diphtheria.  A remark 
was  made  to  me  by  one  of  the  officers  of  the  Medical  Staff 
at  Aldershot,  to  the  effect  that  they  did  not  now  (since  the 
general  employment  of  antitoxin)  dread  diphtheria  more 
than  any  other  disease  of  childhood — a very  different  state 
of  affairs  to  that  which  obtained  before  the  discovery  of  the 
treatment  by  antitoxin.  Upon  the  effect  of  antitoxin  in 
other  diseases,  cases  are  being  constantly  published  in  the 
medical  journals.  One  of  the  earliest  cases  of  tetanus  suc- 
cessfully treated  in  England  came  under  the  writer’s  obser- 
vation in  November,  1895,  under  the  care  of  Dr.  Walcot,  of 
Camberley  ; also  a case  of  streptococcus  fever  after  parturition, 
in  which  the  specific  microbe  was  discovered  in  the  discharges 
before  the  inoculation.  Neither  of  these  cases  could  possibly 
have  recovered  under  any  treatment  previously  known.  These 
three  — diphtheria,  tetanus,  and  puerperal  fever — are  the 
principal  diseases  in  which  antitoxin  is  of  service  ; upon  its 
use  in  the  second  of  these  ‘ The  Prognosis  of  Tetanus,’ 
by  Dr.  George  Worthington,  in  St.  Bartholomew’s  Hospital 
Beports,  will  repay  perusal.  There  are  other  diseases,  equally 
deadly  maladies,  which  number  scores  of  victims  to  every 
one  of  the  other  three  mentioned,  for  which  no  antitoxin 
is  found,  against  which  no  animal  is  immune,  and  it  is 
against  these  diseases  especially  that  the  treatment  by  pure 
ferments — first  devised  and  practised  by  de  Backer  from 
selected  and  acclimatized  yeasts — is  principally,  though  not 
exclusively,  directed. 

The  antitoxin  treatment  is  interesting  also  from  the  fact 
that,  as  experiments  have  proved,  animals  immunized  against 
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either  vegetable  poisons  or  snake  venom  are  capable  of  yielding 
a curative  antitoxin  serum. 

The  principal  theories  on  Immunity  are  those  of  Exhaus- 
tion, Itetention,  Acclimatization,  that  called  the  Humoral 
Theory,  and  finally  Phagocytosis. 

The  Theory  of  Exhaustion. — When  the  bacillary  fermenta- 
tion begins  to  decline,  it  is  supposed  that  the  bacilli  have 
used  up  all  the  food  or  pabulum  of  their  predilection  which 
can  be  found  in  the  system,  just  as  the  yeast  fermentation 
ceases  in  a poor  wort  when  all  the  saccharine  has  been  con- 
verted. Analogy  may  also  be  found  in  agriculture,  for  it  is 
well  known  that  a crop  of  wheat,  grown  on  the  same  soil  as 
a previous  crop,  exhausts  that  soil  to  such  an  extent  that  for 
the  next  season  it  must  lie  fallow,  or  be  planted  with  some 
other  crop,  before  the  elements  required  by  the  wheat-plant 
for  its  growth  can  be  restored.  Opponents  to  this  theory  of 
exhaustion  maintain  that  it  is  quite  disproved  by  the  fact  of 
passive  or  indirect  immunity  (p.  57),  and  that  it  would  be 
absurd  to  suppose  that  a small  quantity  of  exhausted  pabulum 
serum  could  exhaust  the  pabulum  found  in  the  tissues  or 
serum  of  the  infected  animal.  I am  not  prepared  to  admit 
the  completeness  of  the  disproof,  for  it  is  reasonable  to  think 
that,  as  the  addition  of  alcohol  to  a wort  in  fermentation  will 
arrest  that  fermentation,  it  may  be  that  the  exhaustion  theory 
is  true  as  regards  the  amount  of  pabulum  that  the  ferments 
are  capable  of  dealing  with,  but  that,  as  in  the  case  of  the 
more  richly  saccharine  wines,  there  is  much  fermentable 
matter  remaining,  though  the  ferments  are  unable  to  deal 
with  it,  being  inhibited  by  the  action  of  their  own  excretions, 
which  brings  us  insensibly  to  the  next  theory, 

The  Theory  of  Retention , or  antidote,  which  assumes  that 
the  excreta  or  life-products  of  the  bacteria  causing  the  disease, 
which  excreta  are  inimical  to  their  growth,  are  also  inimical 
to  the  growth  and  development  of  other  and  future  bacteria 
of  the  same  variety,  and  that  these  life  products,  which  have 
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already  inhibited  the  activity  or  destroyed  the  vitality  of  the 
producers,  leave  them  a prey  to  the  natural  defenders  of  the 
body  in  which  they  themselves  are  retained  indefinitely. 

The  Theory  of  Acclimatization , or  acquired  tolerance,  sup- 
poses that  the  cells  of  the  economy  get  habituated  or  accus- 
tomed to  the  action  of  the  life-products  of  the  bacteria  until, 
finally,  they  are  no  longer  troubled  by  them.  Both  the  animal 
and  vegetable  kingdoms  afford  numerous  examples  of  success- 
ful acclimatization  ; also  it  will  be  shown  later  on  that  we  can 
habituate  our  formed  ferments  to  the  action  of  bacilli,  such  as 
the  tubercle  bacillus,  until  they  are  no  longer  incommoded  by 
its  presence. 

The  Humoral  Theory  takes  for  its  hypothesis  that  certain 
changes  take  place  in  the  serum  and  other  fluids  of  the  body. 
It  had  been  known  that  normal  blood  serum  possessed  certain 
bactericidal  properties,  as  has  already  been  stated,  but  that 
these  properties  varied  in  different  animals,  yet  did  not  vary 
with  the  immunity  enjoyed  by  the  different  animals,  neither 
did  the  variation  of  the  properties  follow  any  law.  A series 
of  experiments  have  proved  that  these  bactericidal  properties 
are  due  to  the  presence  in  the  serum  of  a substance  called 
‘ nuclein,’  which  could  be  extracted  from  it,  and  was  found  to 
possess  these  properties.  Nuclein  is  normally  but  variably 
produced  by  leucocytes  of  all  kinds,  especially  of  the  blood,  and 
I cannot  help  thinking  that  the  amount  and  activity  of  this 
production  is  largely  guided  by  the  influence  of  the  nervous 
system,  in  spite  of  the  fact  that  physiologists  have  not  yet 
demonstrated  the  action  of  the  nervous  system,  either  over 
the  connective  tissues  with  their  cells,  or  over  the  plasma 
and  cells  of  the  blood.  It  is  beyond  doubt  that,  besides  the 
nuclein  normally  secreted,  certain  other  substances  of  similar 
composition,  called  alexins,  are  secreted  by  the  protoplasm  of 
leucocytes  when  they  are  irritated  by  bacterial  fermentation  ; 
they  are  chiefly  furnished  by  the  leucocytes  of  the  spleen, 
lymphatic  glands,  and  other  structures  rich  in  leucocytes. 
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Those  of  the  blood  have  other  duties  to  perform,  but  may  also 
help  in  this.  Alexins  are  proteid  bodies,  and  may  be  divided 
in  sozins,  which  are  normally  present  in  the  serum  of  animals 
in  a healthy  state,  and  consist  of  mycosozins,  which  destroy 
the  bacteria,  and  toxosozins,  which  neutralize  their  products. 
These  are  the  natural  defences  against  invasion  ; the  other 
division  consists  of  phylaxins,  which  are  present  in  artificially 
immunized  animals. 

The  Theory  of  Phagocytosis. — In  the  first  chapter  we  had 
occasion  to  point  out  the  particular  structure  of  the  leucocytes, 
and  draw  attention  to  their  power  of  throwing  out  pseudopodia, 
by  which  they  were  enabled  to  travel,  or  inglobe  any  foreign 
particle  which  may  come  within  their  reach.  What  we  then 
stated  generally  must  be  now  reduced  to  its  bearings  on  a 
particular  line.  It  was  discovered  by  Robert  Kocb,  during 
his  experiments  on  the  minute  bacteria  of  mouse  septicaemia, 
that  these  minute  micro-organisms  could  be  inglobed  by  the 
leucocytes  in  the  same  manner  as  other  organic  particles  ; 
but  it  was  left  to  Metschnikoff  to  work  out  the  whole  theory 
of  phagocytosis.  He  found  that  this  property  was  not  only 
enjoyed  by  one  class  of  cell,  but  others  ; that  in  the  human 
body  the  principal  phagocytes,  or  cells  possessing  the  power 
of  devouring  other  bodies,  are  of  two  kinds  : (l)  Large  poly- 
nucleated  leucocytes,  which  are  leucocytes  of  the  blood, 
possessing  a multipartite  nucleus.  These  are  also  termed 
‘ neutrophile  cells,’  from  the  resistance  they  observe  towards 
stains;  they  were  termed  by  Metschnikoff  ‘ microphages.’  The 
other  kind  he  called  ‘ macrophages,’  which  include  the  large 
mononucleated  leucocytes  of  the  blood,  the  cells  of  the 
endothelium,  and  the  connective-tissue  corpuscles.  Metsch- 
nikoff’s  experiments  were  first  undertaken  with  the  large 
bacillus  of  anthrax  upon  frogs,  which  are  normally  insus- 
ceptible to  the  disease.  He  found  that  directly  the  bacillus 
was  introduced  into  the  circulation  of  the  frog,  the  phagocyte 
leucocytes  nearest  to  them  at  once  crowded  round  and  engaged 
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them,  throwing  out  processes,  which  surrounded  them,  and 
then  withdrew  them  into  the  cell,  which  thus  inglobed  them, 
and  finally  digested  them.  If  the  phagocytes  happened  to 
be  in  insufficient  quantity  to  deal  with  the  intruders,  then 
intelligence  of  the  fact  seemed  to  be  rapidly  transmitted  by 
some  means,  for  others  came  hurrying  to  the  spot  until  a local 
leucocytosis  was  produced,  surrounding  the  bacilli  and  pre- 
venting their  escape  into  the  general  circulation  until  inglobed 
by  the  phagocytes  nearest  to  them.  This  attraction  possessed 
by  the  phagocytes  to  the  bacteria  is  called  chemiotaxis  ; it  is 
called  ‘ positive  ’ when  the  cells  are  attracted,  and  ‘ negative  ’ 
when  they  are  repelled,  though  it  must  be  remarked  that 
this  repellence  is  not  absolute,  and  probably  exists  only  for  a 
time.  In  cases  where  neither  attraction  nor  repulsion  can  be 
ascertained,  the  chemiotaxis  is  said  to  be  neutral,  though 
this  appears  to  be  a somewhat  unnecessary  term.  Motile 
bacteria  do  not  wait  to  be  attacked,  but  on  their  own 
account  attack  the  leucocytes,  and  a veritable  struggle  for 
the  mastery  ensues,  many  leucocytes  being  killed  in  the 
action. 

Metschnikoff  also  observed  another  point  of  great  scien- 
tific value,  that  the  phagocytic  power  of  the  cells  of  an 
animal  varied  according  to  the  power  of  immunity  enjoyed 
by  that  animal ; therefore  the  phagocytic  power  in  susceptible 
animals  is  exceedingly  limited.  Furthermore,  he  also  ob- 
served that  the  cells  of  animals  naturally  susceptible,  but 
protected  by  a process  of  direct  immunity,  acquired  addi- 
tional phagocytic  powers,  probably  from  being  acclimatized  or 
accustomed  to  deal  with  feeble  invaders,  and  hence  had 
become  strong  enough,  by  training,  to  inglobe  later  comers 
even  though  possessing  greater  virulence.  These  last  two 
observations  of  Metschnikoff  have  a very  great  bearing  upon 
the  theory  of  our  treatment  by  pure  ferments,  as  will  readily 
be  seen  when  we  come  to  demonstrate  the  phagocytic  power 
that  they  themselves  possess.  The  question,  however,  still 
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arises  as  to  whether  the  phagocytosis  is  the  cause  of  immunity, 
or  is  called  into  activity  because  of  it. 

On  considering;*  the  various  theories  with  as  unbiassed  a 
mind  as  is  possible  to  us,  I think  we  may  safely  say  that  none 
of  them,  taken  singly,  can  alone  account  for  immunity,  but 
that  they  all,  especially  the  two  last  mentioned,  enter  as 
factors  to  bring  about  an  exceedingly  complex  process  ; that 
the  term  * immunity  ’ probably  covers  dissimilar  as  well  as 
similar  biological,  not  chemical,  processes,  by  which  the  natural 
defences  of  the  body  are  brought  into  their  full  power,  or 
even  increased  by  art.  Not  amongst  the  least  of  these 
factors  is  the  state  and  influence  of  the  nervous  system. 
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CHAPTER  IV. 


PHAGOCYTOSIS  BY  FORMED  FERMENTS. 

On  examining  the  ordinary  yeast  of  commerce,  under  the 
microscope,  cells  may  be  seen  containing  ascospores  or  endo- 
genous buds  within  them,  such  as  we  have  already  described  ; 
besides  these  may  also  be  seen  a number  of  small  specks  that 
have  been  called  pigment,  but  whose  real  nature  has  not  until 
recently  been  discovered  : though  their  existence  has  been 
known  for  a long  time,  yet  it  seems  never  to  have  been  re- 
marked that  some  of  these  specks  possessed  motility.  They 
are  found  to  be  more  numerous  in  a specimen  taken  from  the 
periphery  of  a lump  of  yeast  than  from  one  taken  from  its 
centre,  and  they  are  much  more  common  in  an  old  yeast  than 
in  a fresh  specimen.  In  a perfectly  pure  culture  these  specks 
are  never  seen  (see  illustration,  p.  16),  but  if  such  a culture 
be  exposed  to  the  air  for  any  length  of  time,  the  cells  will  be 
found  to  contain  these  specks  or  pigment.  Some  authors 
have  considered  these  specks  to  be  minute  globules  of  fat,  but 
on  insufficient  grounds,  which  can  easily  be  proved  by  spread- 
ing a thin  layer  on  a glass  slide,  and  washing  it  ten  or  a 
dozen  times  with  aether  ; if  the  specimen  is  then  stained  and 
mounted,  the  specks  will  be  seen  to  be  within  the  cells  just  as 
they  were  before ; clearly,  therefore,  they  are  not  fat.  The  same 
kinds  of  specks  or  pigment  may  be  seen  lying  free  outside  the 
cells  as  well  as  imprisoned  within  them.  In  order  to  make 
very  sure,  the  aether  test  was  applied  more  stringently.  A 
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trace  of  commercial  yeast  about  as  big  as  a pin’s  head  was 
first  examined  under  the  microscope,  and  the  pigment  noted 
to  be  present  ; it  was  then  placed  in  a test-tube  with  a 
hundred  times  its  weight  of  aether,  and  left,  with  occasional 
shaking,  for  twenty-four  hours  ; at  the  end  of  this  time  the 
aether  was  decanted  off,  and  when  the  aether  was  evaporated 
off,  a specimen  of  the  yeast  was  stained  and  examined 
afresh  ; the  pigment  was  still  there.  If  not  fat,  what 

could  these  specks  be  ?— for  they  were  certainly  no  part 
of  the  normal  constituents  of  the  yeast  cell.  Their  true 
nature  was  accidentally  discovered  by  M.  Bruhat,  an  ana- 
lytical chemist  of  Paris ; the  story  of  the  discovery  is  as 
follows  : 

At  the  beginning  of  the  year  1892,  a certain  M.  Slizewicz, 
a pharmaceutical  chemist  of  Cette,  in  the  South  of  France, 
sent  some  bottles  of  fig  wine  to  the  Societe  Franqaise 
d’Hygiene  for  the  purpose  of  ascertaining  if  the  ferment  was 
of  any  specific  nature.  During  the  carriage  one  of  the 
bottles  got  cracked,  and  the  wine  within  had  partly  turned 
to  vinegar ; however,  it  was  examined  as  well  as  those  which 
were  sound.  The  ferment  was  found  to  be  one  of  the  species  of 
the  Saccharomyces  Pastoricmus,  and  in  the  spoilt  wine,  besides 
these  cells,  were  seen  many  vibrios  of  the  Bacillus  aceti  lying 
free  in  the  liquid  ; but  this  was  not  all,  for  in  this  specimen  a 
great  number  of  these  vibrios  were  actually  seen  inglobed 
within  the  yeast  cells  ; furthermore,  it  appeared  that  some  of 
them  had  undergone  a species  of  digestion,  or  marked  change 
of  some  kind,  as  these  were  stained  with  great  difficulty. 
There  could  be  no  doubt  that  the  vegetable  cell  of  the 
Saccharomyces  Pastorianus  had  acted  towards  the  Bacillus 
aceti  exactly  in  the  same  manner  as  a leucocyte  would  do  in 
the  presence  of  a microbe  ; the  bacilli  were  actually  inglobed ; 
some  of  them  were  partly  digested,  and  others  that  were  only 
partly  inglobed  appeared  to  be  much  swollen  or  enlarged  at 
their  free  end,  as  if  they  had  caused  their  protoplasm  to  flow 


70  FERMENT  TREATMENT  OF  CANCER  AND  TUBERCULOSIS 

back  to  that  end,  in  order  to  escape  from  the  cell  which  was 
gripping  and  holding  them. 

The  true  nature  of  these  specks  and  pigment  was  now 
apparent,  and  yeast  cells  had  demonstrated  themselves  to  he 
phagocytes.  It  appeared  plain,  henceforth,  that  these  pig- 
mentary specks  were  the  result  of  the  introduction  of 
particles  taken  in  from  the  surrounding  medium,  or  even 
perhaps  the  debris  of  bacteria  partly  digested  by  the  intra- 
cellular diastases. 

We  have  already  given,  in  the  preceding  chapter, 
a cursory  glance  at  the  theory  of  phagocytosis  in  its 
relation  to  immunity,  and,  as  there  promised,  we  shall 
now  necessarily  enter  a little  more  fully  into  this  sub- 
ject, the  better  to  understand  that  which  we  shall  have 
to  say  afterwards  concerning  the  phagocytosis  by  formed 
ferments. 

In  the  war  between  the  leucocytes  and  bacteria,  the  latter 
revenge  themselves  for  their  inglobement  by  endeavouring  to 
poison  the  former  by  means  of  their  enzymes,  or  intracellular 
poisons,  which  paralyze  the  digestive  action  of  the  leucocytes. 
The  fight  is  now  pretty  close,  and  if  the  leucocyte  is  far  from 
its  source  of  supply  it  dies ; but  if  not,  it  sets  itself  to  work 
to  secrete  matters  which  neutralize  the  bacterial  enzymes, 
the  microbe  being  finally  digested.  Leucocytes  have  not  a 
universal  phagocytic  power  over  all  species  of  bacteria,  for 
those  of  an  animal  susceptible  to  a certain  disease  are  quite 
unable  to  inglobe  the  bacterium  producing  it,  even  when 
placed  in  contact,  uidess  the  animal  has  been  rendered  artifi- 
cially immune,  as  described  in  the  last  chapter.  Leucocytes 
may  inglobe  bacteria  in  a state  of  virulence ; for  instance, 
Koch’s  bacilli  of  tuberculosis,  injected  into  rats,  which  are 
somewhat  refractory  to  this  disease,  are  at  once  taken  up  and 
inglobed  by  their  leucocytes,  yet  should  these  bacilli  already 
inglobed,  but  not  yet  destroyed,  be  injected  into  a susceptible 
animal,  like  a guinea-pig,  a fatal  tuberculosis  is  the  result  ; it 
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follows,  then,  that  the  bacilli  must  have  been  inglobed  whilst 
in  a state  of  virulence. 

Bacteria  which  have  been  inglobed,  but  have  failed  to 
poison  their  host,  have  to  submit  to  the  influence  of  the 
protoplasm  of  the  leucocytes  ; it  has  often  been  seen  that  the 
red  corpuscles  of  the  blood,  when  inglobed  by  the  white  ones, 
gradually  dissolve,  leaving  only  a pigmentary  residue.  Not 
only  does  this  happen  with  red  corpuscles,  but  with  any  other 
cell  that  has  played  its  part  in  the  economy  and  has  to  be 
removed  ; such  cells  gradually  lose  their  vitality  (shown  by 
being  stained  with  difficulty),  and  disintegrate  into  flne 
granules.  These  changes  must  be  put  down  to  intracellular 
digestion  ; indeed,  diastases  capable  of  digesting  proteids  have 
been  isolated  from  the  leucocytes.  The  intracellular  digestion 
of  bacteria  can  be  specially  well  observed  and  studied  in 
animals  that  are  refractory  to  or  immune  against  any  disease, 
the  last  part  to  be  digested  being  the  resistant  cell  wall.  It 
is  not  to  be  supposed  that  all  the  microbes  thus  inglobed  are 
digested  and  destroyed,  for  we  see  just  the  contrary,  more 
especially  in  diseases  in  which  the  bacteria  are  very  small, 
such  as  tubercle,  measles  of  pork,  mouse  septicaemia,  and  in- 
fluenza, the  micro-organisms  of  the  two  latter  being  parti- 
cularly small.  In  such  cases  the  leucocytes  may  inglobe  the 
greater  part  of  them,  and  digest  many  of  them  ; yet  others 
will  escape  into  the  general  system.  Those  that  have  been 
inglobed  by  a leucocyte  naturally  feeble,  or  too  far  away  from 
its  nutrient  supply,  find  that  they  are  able  to  overcome  the 
digestive  faculty  of  the  leucocytes  by  their  own  toxic  secre- 
tions ; they  are  then  carried  off  by  the  sickened  leucocyte  to 
other  parts  of  the  system,  where  the  leucocyte  finally  dies, 
but  the  microbes  emerge  from  their  captivity,  and  begin 
their  toxic  fermentation  in  a new  quarter,  though  it  is  pro- 
bable that  they  themselves  have  lost  vigour  in  the  struggle. 
Hence  it  follows  that,  although  the  phagocytic  power  of  the 
leucocytes  may  not  be  sufficient  to  cope  with  all  the  invaders, 
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still  they  enable  the  system  to  make  a good  struggle  against 
them,  retard  the  rate  of  their  progress,  and  so  gain  time  for 
alexins  to  be  formed,  or  at  least  delay  the  fatal  period,  which 
arrives  when  the  system  is  exhausted  by  the  struggle,  and, 
having  lost  its  garrison,  surrenders  and  dies  ; another  chance 
is  given  by  this  retardation  by  the  phagocytes,  as  it  gives  a 
certain  time  during  which  the  physician  may  exercise  his  art. 

In  order  to  ascertain  whether  the  yeast  cells  had  phago- 
cytic powers  over  other  bacteria,  as  well  as  the  Bacillus  aceti , 
the  following  experiments  were  made  : 

Experiment  I. — With  Bacterium  Termo. 

A piece  of  liver  was  chopped  up  and  macerated  in  distilled 
water  for  some  hours  ; the  solution  thus  obtained  was  filtered 
through  a Chamberland  filter  in  order  to  rid  it  of  all  formed 
elements;  the  filtrate,  limpid  and  colourless,  was  collected  in  a 
Florence  flask,  and  exposed  to  the  open  air ; forty-eight  hours 
afterwards  it  had  acquired  the  characteristic  odour  of  putre- 
faction, microscopic  examination  showing  a large  quantity  of 
small  motile  bacilli  rapidly  multiplying.  Twenty  c.c.  of  this 
liquid  were  next  placed  in  a small  flask  with  half  the  quantity 
of  backerine,*  and  the  whole  left  in  a suitable  temperature  to 
ferment.  Four  hours  afterwards  the  appearance  of  little 
bubbles  of  gas  announced  that  alcoholic  fermentation  had 
commenced  ; twenty-four  hours  afterwards  the  liquid  was  in 
full  fermentation,  with  the  fresh  and  agreeable  odour  of 
alcohol,  which  had  replaced  the  unpleasant  smell  of  the  day 
before  ; the  next  day  the  fermentation  was  ended,  and  the 
liquid  allowed  to  remain  in  the  flask.  For  a fortnight  no 
change  was  observed,  after  which  numerous  white  colonies 
appeared  on  the  surface  of  the  liquid,  which  again  gave  off 
the  same  putrefactive  odour  as  at  first  ; the  mixture  was 
examined  under  the  microscope — 

* Pure  yeast  cells  mingled  with  a certain  definite  proportion  of  fermentable 
and  mineral  matter  necessary  to  fermentation  and  to  the  life  of  the  cells. 
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1.  Three  hours  after  the  addition  of  backerine  ; 

2.  Forty-eight  hours  afterwards,  when  the  fermentation 

had  ended ; 

3.  A fortnight  afterwards,  when  putrefaction  had  re- 

commenced. 

The  first  examination  was  carried  out  by  making  an 
unfixed  cover-glass  preparation,  stained  with  methylene  blue. 
The  yeast  cells  were  not  stained,  but  the  bacteria  were  of 
a lilac  tint,  and  very  motile ; some  yeast  cells  already  con- 
tained bacteria  within  them,  but  these  were  much  less  deeply 
stained  than  those  lying  free  in  the  liquid.  Some,  indeed,  of 
the  inglobed  bacteria  were  not  stained  at  all.  One  bacillus 
was  partly  within  and  partly  outside  a yeast  cell ; it  was 
deeply  stained,  so  it  could  be  very  distinctly  seen  that  the 
free  extremity  was  rapidly  vibrating  in  the  surrounding 
liquid  ; the  microbe  seemed  to  twist  itself  upon  its  long  axis 
in  a sort  of  screw-like  manner,  sometimes  rolling  to  one  side 
and  sometimes  to  the  other,  but  never  turning  completely 
over;  it  worked  its  way  gradually  through  the  cell  wall,  until 
suddenly  the  forward  movement  ceased,  and  a retrograde 
movement  began,  by  which  the  microbe  withdrew  itself  from 
the  cell  as  if  it  had  found  the  contents  less  pleasant  than  it 
had  at  first  imagined.  Another  yeast  cell  was  engaged  with 
two  microbes,  which  were  endeavouring  to  penetrate  it, 
already  having  partly  done  so.  It  was  clearly  noticed  that 
the  part  of  the  microbe  actually  passing  through  the  cell  wall 
was  much  more  pinched  in  and  thinned  than  at  either  of  the 
extremities,  and  that  this  thin  part  did  not  show  any  stain, 
as  if  the  microbic  protoplasm  was  collected  at  either  end,  and 
could  only  flow  with  difficulty  through  the  narrowed  portion 
that  was  gripped  by  the  cell  wall ; after  a time  both  bacteria 
had  succeeded  in  penetrating,  being  both  entirely  within  the 
cell,  where  they  preserved  their  motility  for  some  time,  after 
whicli  they  appeared  to  swell,  and  barely  move  at  all ; finally 
all  movement  ceased.  One  bacillus  remained  in  a crescentic 
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shape,  lying  along  the  internal  wall  of  the  cell ; the  other  lay 
straight  in  its  middle,  and  appeared  to  divide  it  into  two 
parts.  It  was  very  interesting  to  watch  the  attack  of  the 
bacteria  upon  the  yeast  cells,  which  appeared  to  play  quite  a 
passive  part.  The  attack  was  always  oblique  to  either  axis 
of  the  cell ; that  is,  it  was  always  a flank  attack,  never 
frontal,  their  tactics  being  quite  in  accord  with  the  teachings 
of  modern  war.  But  the  opinion  borne  upon  me  is  that 
penetration  can  only  be  effected  by  a kind  of  diagonal 
passage,  perhaps  resembling  that  of  the  inguinal  canal,  and 
that  the  bacterium  accomplishes  its  object  in  a sideling, 
sideways  diapedesis  similar  to  the  manner  in  which  a leuco- 
cyte finds  its  way  through  a bloodvessel  without  any  escape 
of  the  contents  thereof,  as  mentioned  in  Chapter  I.  ; it  is 
certain  that  the  microscope  can  show  no  solution  of  con- 
tinuity in  the  cell  wall  after  penetration.  It  does  not  follow 
that  the  first  attack  on  the  yeast  cell  is  successful,  in  which 
case  the  attack  is  renewed  either  on  the  same  cell  or  on 
another  one. 

These  observations  showed  that  the  inglobing  of  the 
bacteria  took  place  before  the  commencement  of  active 
alcoholic  fermentation,  and  at  a time  when  the  bacilli  were 
in  full  activity  ; also  that  the  bacilli  were  the  assailants  of 
the  yeast  cells,  which,  although  at  first  playing  a passive  role, 
soon  reacted  against  its  invader  by  bringing  to  bear  on  it  the 
action  of  its  intracellular  enzymes,  the  first  evidence  of  which 
is  shown  by  the  recoil  and  withdrawal  of  some  of  the  bacilli  ; 
this  withdrawal  only  seems  possible  in  cases  where  the 
bacterium  has  not  penetrated  very  far.  When  complete 
penetration  has  been  effected,  no  bacterium  has  been  observed 
to  make  its  way  out  again,  although  a vigorous  attempt  at 
this  may  be  made  by  dashing  themselves  against  the  internal 
wall  ; but  whether  they  get  weakened  by  the  chemical  con- 
tents of  the  saccharomyces  cell,  or  that  the  cell  walls  are 
constructed  like  valves,  permitting  ingress,  but  not  egress, 


PHAGOCYTOSIS  BY  FORMED  FERMENTS 


75 


except  by  the  will  of  the  cell,  we  do  not  quite  know.  After 
having  been  inglobed  for  some  little  time,  it  is  curious  to  see 
how  the  protoplasm  of  the  microbe  collects  at  either  end, 
leaving  the  middle  part  almost  colourless.  In  no  case  was 
there  seen  any  multiplication  by  fission  in  any  inglobed 
bacterium. 

The  second  examination,  made  when  the  alcoholic  fermen- 
tation had  finished,  was  conducted  in  a similar  manner,  and 
cover-glass  preparations  made  ; the  bacteria,  lying  free  in  the 
liquid,  appeared  motionless  ; many  were  inglobed  within  the 
yeast  cells,  which  were  in  the  actively  budding  state.  It 
was  noticed  that  the  inglobed  bacteria  were  not  stained, 
although  the  surrounding  fluid,  being  very  alcoholic  by  reason 
of  the  fermentation,  would  naturally  conduce  to  free  staining, 
which  showed  that  the  inglobed  bacteria  were  dead. 

For  the  third  examination  cover-glass  preparations  were 
made  in  a similar  manner  to  the  first  two  ; the  bacteria  were 
seen  to  be  well  stained,  and  actively  motile,  but  the  yeast 
cells  dead,  or  in  a condition  of  degeneration,  either  in  the 
form  of  hyphomycetes,  or  anastomosed  into  a kind  of  mycelium 
containing  conidia ; although  the  bacteria  were  actively 
motile,  they  seemed  to  take  no  notice  of  the  yeast  cells,  and 
did  not  attack  them  in  a single  instance. 


Experiment  II. — With  Mtxed  Bacteria. 

A specimen  of  diabetic  urine  was  exposed  to  the  air  for 
three  days  after  emission ; by  that  time  it  had  become 
neutral  in  reaction,  and  contained  both  cocci  and  bacilli, 
freely  motile  and  in  considerable  quantity ; it  was  of  a 
disagreeable  odour  ; as  the  liquid  contained  glucose  by  reason 
of  its  diabetic  origin,  pure  yeast  alone  was  used,  instead  of 
backerine,  as  in  the  former  experiment  ; it  was  added  about 
f>  pan.  The  next  morning  alcoholic  fermentation  was  in  full 
swmg,  the  mingled  urinous  and  putrefactive  odour  of  the 
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day  before  being  replaced  by  that  of  alcohol ; the  reaction  of 
the  fluid  was  now  acid.  A cover-glass  preparation  was  made 
therefrom,  and  examined  microscopically ; a large  number  of 
healthy,  vigorous  yeast  cells  were  seen  in  active  gemmation, 
numbers  of  them  containing  both  bacilli  and  cocci  inglobed 
within  them  ; the  bacteria  lying  free  in  the  fluid  appeared  to 
be  motionless.  As  in  the  first  experiment,  the  liquid  was  left 
to  itself ; in  ten  days’  time  it  was  found  to  have  undergone 
acetic  fermentation,  and  the  odour  of  putrefaction  was  again 
apparent.  A preparation  made  from  this  showed  numerous 
bacteria,  motile  and  active ; but  the  yeast  cells  were  either 
dead  or  in  process  of  degeneration. 

Experiment  ITT. — Staphylococcus  Pyogenes  Aureus. 

Some  sterilized  bouillon  was  impregnated  with  a fresh 
culture  of  the  staphylococcus  on  gelatine,  from  which  a growth 
was  quickly  obtained ; the  bouillon  was  divided  into  two 
portions,  each  being  introduced  into  separate  tubes,  previously 
sterilized,  marked  A and  B,  which  were  immediately  plugged 
with  cotton-wool,  after  the  addition  to  each  of  an  equal 
volume  of  backerine,  which  had  been  previously  examined 
under  the  microscope ; the  Saccharomyces  cerevisico  was  the 
yeast  used  in  this  case,  and  the  protoplasm  of  the  cells 
appeared  homogeneous  and  free  from  granulations. 

The  tube  A was  left  alone  for  two  hours  and  a half,  when 
a drop  was  taken  from  it  and  examined  ; only  one  or  two 
cells  of  the  yeast  were  as  yet  seen  to  be  in  a state  of  gemma- 
tion ; many  of  them  still  appeared  homogeneous  and  without 
granulations,  but  the  majority  of  them  contained  in  their 
interior  from  one  to  eight,  and  in  one  instance  twelve,  staphy- 
lococci ; very  many  of  the  staphylococci  were  free  in  the  sur- 
rounding liquid.  The  microscope  was  then  inclined  towards 
the  observer,  when  all  the  organisms  were  set  in  motion 
according  to  their  gravity.  The  outline  of  the  yeast  cells 
was  very  distinct,  and  this  tilting  of  the  stage  proved  beyond 
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all  doubt  that  the  staphylococci  were  actually  within  the 
cells,  and  not  merely  sticking  to  their  outside,  although  there 
certainly  were  some  in  this  condition,  but  the  appearance 
was  quite  different,  for  as  the  yeast  cells  rolled  about  their 
contour  was  seen  to  be  studded  with  little  knots  like  eranu- 

O 

lations,  some  of  which  were  seen  to  be  washed  off  from  their 
hold ; this  was  the  more  easily  seen  when  the  specimen  was 
very  slightly  stained,  the  free  staphylococci  and  those 
adhering  to  the  cell  walls  being  of  a lilac  or  violet  tint, 
whilst  most  of  those  inglobed,  and  so  submitted  to  the 
intracellular  diastases  of  the  yeasts,  remained  unstained. 

The  tube  B was  left  to  itself,  at  a temperature  of  24  C.  ; 
four  hours  afterwards  some  gas  bubbles  appeared,  showing 
that  fermentation  had  commenced.  The  next  day  the 
fermentation  was  nearly  over,  and  the  liquid  had  the  sweet, 
fresh  odour  of  alcohol.  Two  specimens  were  taken  and 
seeded  on  to  gelatine,  but  both  failed  to  produce  any  culture. 

Experiment  IV. — Diphtheria  Bacillus. 

Some  sterilized  bouillon,  with  5 per  cent,  of  glycerine,  was 
seeded  with  an  old  culture  of  diphtheria  from  a false  membrane 
containing  micrococci,  as  well  as  the  Klebs-Loffler  bacillus.  A 
few  days  afterwards  the  liquid  became  turbid  with  numerous 
white  colonies.  An  equal  quantity  of  backerine  was  now  added 
to  it,  and  the  mixture  maintained  in  a temperature  of  20  C. 
Four  hours  afterwards  fermentation  commenced  ; the  next 
day  it  was  ended,  and  the  frothy  head  subsided.  The  con- 
tents of  the  flask  were  then  well  shaken  up,  a preparation 
made  and  examined.  Numerous  yeast  cells  were  seen  gorged 
with  both  cocci  and  bacilli,  especially  the  former  ; many  of 
both  kinds  were  also  lying  free  in  the  liquid.  Preparations 
made  from  this  fermentation  stained  but  poorly  with  the 
methylene  blue,  but  were  very  well  stained  by  fuchsine. 

A similar  bouillon,  seeded  with  a fresh  culture  of  the  diph- 
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theria  bacillus,  treated  in  a similar  manner,  gave  the  same 
results  as  regards  fermentation  and  microscopical  examination, 
with  the  exception  that,  in  this  case,  there  were  no  cocci 
present. 

Expkriment  V.— Tubercle  Bacillus. 

One  c.c.  of  a pure  culture  of  Koch’s  tubercle  bacillus  was 
placed  in  a sterilized  flask  with  the  same  quantity  of  a pure 
culture  of  the  Sciccharomyces  cerevisice,  and  to  this  mixture 
sterilized  distilled  water  was  added  until  it  measured  5 c.c.  ; 
the  flask  was  then  placed  in  the  incubator,  and  left  there  for 
eighteen  hours  at  a temperature  of  3 7°  C.  It  was  then 
examined.  Many  of  the  yeast  cells  were  in  the  ascomycetic 
form  ; in  some  cases  the  ascospores  were  numerous,  but  very 
small ; in  others  the  protoplasm  showed  vacuoles,  some  cells 
appearing  to  be  quite  empty,  with  the  exception  of  a kind  of 
nucleus,  sometimes  with  a nucleolus.  A.  few  conidia  were 
present,  also  some  cells  of  a hyphomycetic  character.  Numer- 
ous tubercle  bacilli  were  seen  lying  free,  either  singly  or  in 
parallel  rows  of  twos  or  threes  ; some  were  also  seen  inglobed 
within  the  yeast  cells,  of  which  some  presented  rather  interest- 
ing peculiarities.  One  large  cell  of  an  elongated,  ovoid  shape 
showed,  at  one  extremity  of  its  long  axis,  a highly  stained 
tubercle  bacillus  which  had  partly  penetrated  within  it,  whilst 
at  the  other  extremity  the  protoplasm  seemed  to  have  collected 
itself  against  the  inner  wall,  leaving  the  rest  of  the  cell 
empty.  The  protoplasm  had  the  appearance  of  a large 
nucleus  with  nucleolus.  This  is  especially  interesting,  as  it 
so  closely  resembles  the  phenomenon  which  obtains  in  the 
formation  of  a giant  cell  in  tubercular  tissue. 

The  specimen  was  very  clear,  as  the  bacillus  and  nucleus 
were  alone  well  stained  ; the  rest  of  the  cell  was  not,  though 
both  outer  and  inner  walls  were  very  distinct.  To  make 
sure  also  that  the  bacillus  was  actually  and  really  within 
the  cell,  and  not  lying  on  or  beneath  its  surface,  an  accurate 
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focus  was  obtained,  in  which  both  bacillus  and  nucleus 
showed  their  maximum  colour  equally,  as  well  as  their 
sharpness  of  outline.  The  micrometer  screw  was  now  turned 
alternately,  so  as  to  raise  or  lower  the  objective,  the  effect 
being  in  each  case  to  make  the  microbe  disappear  first,  whilst 
the  nucleus  merely  lost  its  sharpness,  but  was  still  visible,  being 
of  a considerably  greater  thickness  than  the  bacillus.  These 
manoeuvres  showed  that  the  microbe  was  not  simply  adherent 
to  either  the  superior  or  the  inferior  parietes  of  the  cell,  but 
was  existing  on  a plane  with  its  centre,  and  therefore  actually 
within  the  cell.  Another  cell,  close  by,  showed  something 
similar,  but  in  this  case  the  cell  was  a round  one,  and  the 
protoplasm  appeared  as  a nucleus  with  nucleolus  in  the  centre 
of  the  cell,  which  contained  two  bacilli — one  each  side  of  the 
nucleus — lying  in  the  vacuole  between  it  and  the  cell  wall. 
The  majority  of  the  yeast  cells  contained  ordinary  ascospores, 
though  many  of  them  were  quite  choked  up  with  numerous 
tiny  spores. 

Dr.  de  Backer’s  explanation  of  the  ascospore  formation  is 
that  pure  yeast  was  added  without  any  nutriment,  and  main- 
tained for  eighteen  hours  in  the  incubator  at  3 7°  C.  (vide  p.  18). 
In  addition  to  this  opinion,  I may  add  that  my  own  experi- 
ments show  that,  at  whatever  temperature  such  a mixture  is 
maintained,  when  pure  yeasts  only  are  mingled  with  a culture 
of  the  tubercle  bacillus,  without  saccharine,  we  always  get  the 
formation  of  ascospores. 

Experiment  VI. — Tubercle  Bacillus. 

In  this  experiment  the  same  conditions  were  observed  as 
in  the  last,  with  the  exception  that  backerine  was  used 
instead  of  the  yeasts  alone,  and  the  mixture  was  fermented  at 
the  room  temperature  only.  The  fermentation  was  rapid  and 
abundant,  and  when  finished  a preparation  was  made  from  it 
and  duly  examined.  Most  of  the  cells  were  in  the  process  of 
gemmation  ; scarcely  any  of  the  hyphomycetic  form  were  seen, 
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but  none  of  the  phenomena  noticed  in  the  last  experiment 
could  be  ascertained  in  this  one.  The  only  interesting  point 
noticed  was  that  a good  many  of  the  tubercle  bacilli  seemed 
segmented,  like  a straight  chain  of  four  or  five  small  strepto- 
cocci, a form  not  infrequently  seen  in  the  sputa  of  phthisis. 
After  treatment  by  pure  ferments,  this  appearance  is  common, 
denoting  the  decadence  of  vitality  in  the  bacillus.  The 
examination  of  another  preparation  from  the  same  specimen, 
taken  later,  afforded  some  interesting  phenomena.  The  test- 
tube  containing  the  fermentation  had  been  uncovered  several 
times,  so  that  air  had  got  in  in  spite  of  quick  replugging ; 
also  the  yeast  cells  were  commencing  to  degenerate,  owing  to 
the  conditions  of  the  experiment,  consequently  numerous 
colonies  of  foreign  microbes  had  developed  somewhat  rapidly, 
amongst  them  being  a small,  short  bacillus,  of  a length  about 
twice  or  thrice  its  breadth,  with  a contraction  or  thinning  at 
its  centre,  very  motile,  and  being  easily  stained  with  an  acid 
stain.  Around  some  of  the  yeast  cells,  a number — sometimes 
a very  considerable  number — of  these  bacilli  had  taken  up 
such  a position  as  is  seen  when  a magnet  is  placed  amidst 
steel  filings.  One  such  cell  was  surrounded  by  more  than 
forty  bacilli,  arranged  like  the  spokes  of  a wheel,  with  one 
end  fixed  at  a tangent  to  the  surface  of  the  cell  wall,  the  other 
end  remaining  free,  and  still  motile.  The  cells  thus  surrounded 
were  gorged  in  their  interior  with  the  same  microbes. 

We  must  now  see  what  conclusions  may  be  legitimately 
drawn  from  these  experiments.  We  may  safely  say  that 
when  yeast  cells  and  bacteria  meet  in  a common  medium  a 
very  strong  mutual  antagonism  arises,  which  leads  to  an 
attack  by  the  bacteria  upon  the  yeasts  ; these  allow  them- 
selves to  be  penetrated  by  the  former,  then  each  tries  to 
poison  the  other  by  their  respective  intracellular  enzymes,  the 
result  being  that  when  the  opposing  forces  are  in  anything 
like  equality,  the  yeast  cells  invariably  obtain  the  mastery, 
duly  digesting  the  bacteria,  after  which  or  during  which  they 
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proceed  to  carry  out  their  own  natural  functions,  for  we  have 
seen  that  the  presence  of  bacteria  in  no  case  prevented  or 
delayed  alcoholic  fermentation.  We  are  also  justified  by 
saying  that  this  statement  applies  to  all  bacteria,  both  bacilli 
and  cocci,  to  pure  saprophytes  like  Bacterium  termo  as  well 
as  to  virulent  pathogenic  micro-organisms  such  as  the 
diphtheria  bacillus,  also  to  the  motile  bacteria  equally  with 
those,  such  as  Koch’s  bacillus,  which  are  non-motile.  We 
may  further  say  that,  as  long  as  the  yeast  cells  are  vigorous, 
they  prevent  the  fermentative  action  of  bacteria  generally. 
The  first  and  second  experiments  showed  that  the  phenomena 
of  putrefaction  were  entirely  stayed  by  their  action  ; the  third 
experiment  showed  that  staphylococci  were  so  influenced  by 
the  yeast  cells  that  they  were  either  destroyed  by  them  or  at 
least  rendered  incapable  of  reproducing  or  multiplying  when 
transferred  to  a favourable  medium.  It  must  be  acknowledged 
that  it  is  the  young  and  vigorous  cells  that  are  true  phagocytes, 
and  that  the  pigmented  bodies  or  specks  seen  in  the  cells  of 
commercial  yeast  are  really  the  remains  of  microbes  broken 
up  and  digested  by  their  intracellular  diastases. 

This  power  of  phagocytosis  is  not  only  possessed  by  the 
Saccharomycetes,  but  also  by  the  conidia  of  some  of  the 
Mucorineae  ; indeed,  some  authors  go  so  far  as  to  say  that  the 
whole  family  of  Saccharomyces  is  nothing  more  than  vege- 
tative or  spore  forms  of  higher  fungi.  Whether  that  can  be 
proved  or  not  remains  to  be  seen,  but  they  certainly  present 
many  points  in  common  with  the  conidia  of  hyphomycetic 
fungi. 

The  following  experiments  were  made : Several  flat- 
bottomed  flasks  were  charged  with  a thin  layer  of  ferment- 
able matter,  to  which  a little  yeast  was  added  ; when  the 
alcoholic  fermentation  had  ceased,  the  Bacillus  aceti  was 
added  to  each  flask  in  different  doses.  In  those  that  received 
only  a small  dose  the  acetic  fermentation  was  a long  time  in 
taking  on,  but  in  those  which  had  received  a large  dose  the 
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action  was  much  less  delayed.  When  the  secondary  ferment- 
ation was  ended,  the  flasks  were  seeded  with  cultures  of 
Mucorinese,  also  in  different  doses.  In  those  that  received  but 
little,  either  the  Mucorinese  did  not  develop  at  all,  or  only 
very  slightly,  the  Bacillus  aceti  being  seen  to  be  very  motile ; 
in  the  other  flasks,  however,  the  moulds  developed  well,  and 
the  liquid  lost  its  penetrating  odour  of  vinegar,  to  acquire  an 
agreeable  perfume  like  that  of  meadow  flowers,  daisies  and 
sweet  clover  ; it  was  evident  that  a peculiar  setherization  had 
taken  place  under  the  influence  of  the  developing  fungi,  which 
had  also  inglobed  the  Bacillus  aceti. 

It  was  found  that  if,  in  a suitable  wort,  yeast  cells  and  the 
Bacillus  aceti  were  introduced  together,  the  alcoholic  fermen- 
tation progressed  without  hindrance  from  the  Bacillus  aceti , 
which  had  no  power  to  convert  the  nascent  alcohol,  yet  it 
nearly  always  happened  eventually  that  acetic  fermentation 
took  place,  at  first  slowly,  then  rapidly,  the  explanation 
being  that  the  yeast  whilst  young  and  vigorous  inglobed 
most  of  the  Bacilli  aceti , but  that  when  the  yeast  cells  had 
finished  their  work,  and  there  was  no  longer  any  saccharine  to 
furnish  food  for  them,  those  Bacilli  aceti  which  had  been  left 
free  regained  sufficient  energy  to  exercise  their  functions  and 
multiply  without  troubling  themselves  about  the  worn-out 
yeasts. 

From  these  experiments  conclusions  were  drawn  that,  in 
the  struggle  for  existence  between  micro-organisms,  it  is 
necessary  to  bear  in  mind  two  things  : first,  the  quantity  and 
quality  of  the  adversaries,  and,  secondly,  the  chemical  nature  of 
the  medium.  It  is  owing  to  variations  in  these  two  conditions 
that  a few  individuals  of  the  primarily  defeated  and  conquered 
species  are  allowed  to  exist  in  a latent  condition,  gain  a foot- 
hold, and  eventually  occupy  the  whole  medium,  when  it  has 
become,  by  change  of  its  constituents,  unfit  for,  or  less  favour- 
able to,  the  development  and  activity  of  the  species  that  were 
at  first  victorious. 
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It  remains,  then,  to  consider  what  happens  when  the 
yeasts  are  not  in  numerical  superiority,  or  even  equality  with 
the  bacteria,  or  perhaps  in  a considerable  minority.  What 
happens  naturally  is  that  the  phagocytic  yeasts  do  all  they 
can  and  then  finally  perish,  whilst  the  bacterial  fermentation, 
acetic,  lactic,  butyric,  putrefactive,  or  whatever  it  may  be, 
continues  freely.  The  same  obtains  exactly  within  the  animal 
economy  ; if  the  natural  defenders  of  the  body  are  overcome, 
and  the  bacteria  can  evolve  toxins  faster  than  the  tissues  can 
excrete  their  alexins,  then  the  victory  must  rest  with  the 
bacteria.  It  fortunately  happens  that  the  system,  tem- 
porarily overcome  by  the  suddenness  of  the  attack,  rallies  and 
calls  up  its  large  supply  of  reserve  forces. 

The  object  of  the  laboratory  and  experimental  work  upon 
which  we  are  now  engaged  is  to  ascertain  exactly  how  to  sup- 
port and  reinforce  these  reserves  with  a third  line — the  first 
of  which  is  phagocytosis,  the  second  the  humoral  formation  of 
antitoxins,  the  third  we  shall  provide  by  throwing  into  the 
system,  at  the  time  of  its  need,  a new  army  of  phagocytes 
and  nucleins. 

In  order  to  get  a complete  idea  of  phagocytosis  in  all  its 
bearings,  we  should  devote  a little  space  to  the  study  of  its 
application  in  scientific  wine-making,  for  which  purpose  we 
shall  turn  to  the  works  and  letters  of  M.  George  Jacquemin, 
of  Nancy,  the  greatest  authority  in  France  on  the  subject  of 
yeasts,  one  whom  M.  Pasteur  always  considered  to  be  one  of 
his  most  brilliant  disciples.  In  a letter  to  Dr.  de  Backer,  he 
says  that  he  was  examining  a yeast  that  had  just  been  pre- 
pared in  a certain  distillery,  when  he  pointed  out  to  the 
distiller  a quantity  of  bacteria  present,  nearly  equalling  the 
cells  in  number,  consequently  he  directed  him  not  to  make  use 
of  it.  Out  of  simple  curiosity  the  distiller  preserved  the  yeast 
for  a week.  When  M.  Jacquemin  returned,  the  distiller  then 
called  his  attention  to  it,  and  showed  him  that  the  bacteria 
had  nearly  all  disappeared  ; he  could  with  difficulty  find  one. 

6—2 
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This  much  astonished  him,  and  he  could  not  account  for  it  at 
all,  for  at  that  time  he  was  unaware  of  the  discovery  of  De 
Backer  and  Bruhat  on  the  phagocytic  powers  of  yeasts. 

In  one  of  his  latest  works  he  says,  in  speaking  of  spon- 
taneous fermentation,  that  the  spores  of  yeasts,  moulds,  and 
bacteria  develop  together,  and  participate  more  or  less  in  the 
same  mode  of  existence,  the  bacteria  especially  taking  up  a 
large  proportion  of  the  saccharine  nutriment.  Then  com- 
mences and  is  maintained  a struggle  for  existence  between 
the  yeasts  and  the  bacteria,  the  latter  being  the  greatest  foes 
to  the  generation  and  future  prospects  of  the  wine.  The 
bacteria,  no  doubt  by  instinct,  attack  the  saccharomyces  in 
order  to  get  entire  possession  of  the  saccharine  nutriment. 
The  struggle  has  already  been  described.  It  would  seem 
that  the  object  of  penetrating  the  saccharomyces  cell  is  that 
the  bacillus  may  dwell  there  in  comfort,  just  as  the  vampyrella 
invades  the  cells  of  the  filamentous  seaweeds.  In  this,  how- 
ever, they  often  deceive  themselves,  as  is  shown  by  the  little 
fishes  which  penetrate  the  ampullae  of  certain  seaweeds  and 
die  there ; also  the  very  instinct  which  causes  the  fly  to 
alight  on  the  leaf  of  a drosera,  or  to  enter  the  corolla  of  a 
Carica  papaya,  leads  to  its  destruction.  The  bacillus  may  be 
equally  surprised  and  disappointed  when  it  gets  inside  the 
phagocytic  yeast  cell,  as  the  fly  when  the  carnivorous  plant 
has  imprisoned  it,  and  commenced  to  digest  it.  The  sac- 
charomycetes  which  have  been  thus  invaded,  and  which  have 
exhausted  their  strength  in  defending  themselves  and  digest- 
ing their  adversary,  may  be  for  a time  deprived  of  their 
original  physiological  activity,  and  so  unable  to  withstand  a 
fresh  assault.  It  follows,  then,  that  if  the  bacteria  can  pre- 
vail by  numbers  they  will  remain  masters  of  the  field,  upon 
which  alcoholic  fermentation  will  cease  and  bacterial  fermenta- 
tion will  take  its  course,  with  the  differences  characterized  by 
the  names  given  to  the  various  diseases  of  wines.  An  instance 
of  bacterial  victory  occurred  in  a large  distillery,  where 
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15  hectolitres,  about  330  gallons,  of  malted  wort  was  acci- 
dentally allowed  to  ferment  spontaneously.  It  was  examined 
under  the  microscope,  when  quantities  of  bacilli  (lactic  and 
butyric)  were  seen.  Unwittingly,  and  whilst  M.  Jacquemin’s 
back  was  turned,  a workman  poured  the  whole  of  this  into  a 
large  vat  containing  800  hectolitres  of  a wort  of  molasses  in 
full  fermentation  by  a pure  yeast,  with  the  result  of  imme- 
diately arresting  the  alcoholic  fermentation.  In  this  case 
the  quantity  of  bacteria  was  too  great  in  proportion  to  that 
of  the  yeast ; the  whole  amount  had  to  be  immediately  dis- 
tilled in  order  to  save  what  alcohol  they  could. 

When  it  is  the  saccharomycetes  that  enlist  the  big  bat- 
talions on  their  side,  the  vanquished  bacteria  disappear  and 
alcoholic  fermentation  follows  its  regular  course.  I11  this  case 
the  wine  will  be  good,  and  will  keep  well. 

When  the  grapes  have  been  pressed,  and  if  the  juice  is  left 
to  a natural  or  spontaneous  fermentation,  how  can  anyone 
foresee  what  kind  of  fermentation  this  will  be  ? The  vine 
and  its  fruit,  especially  the  stalks,  give  lodging  to  many 
germs  and  micro-organisms  deposited  there  by  the  air  and 
by  flies,  and  there  is  nothing  to  warn  one  to  which  side  the 
balance  will  turn.  Natural  fermentation  is  subject  to  many 
risks,  and  gives  no  security  to  the  viticulturist,  who  knows  this 
well,  by  experience  often  bitter,  and  feels  that  he  is  groping 
in  the  dark  in  spite  of  all  the  care  and  labour  he  may  expend 
on  his  work.  This  insecurity  certainly  deserves  the  inter- 
vention of  science,  which  alone  can  solve  the  problem  of  the 
amelioration  of  the  wines  by  a natural  process,  thus  putting 
the  viticulturist  in  a position  to  sell  his  produce  without 
difficulty,  and  to  furnish  the  very  best  wines  for  table  with- 
out materially  raising  the  price.  Science  has  now  accomplished 
this,  but  how  ? By  rendering  the  viticulturist  master  of  the 
fermentation,  directing  him  in  the  paths  of  light,  and  teach- 
ing him  that  he  must  necessarily  mix  the  pure  and  selected 
yeast  of  wine,  chosen  according  to  the  nature  of  the  grape, 
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with  the  wort  in  proportion  to  the  pressing  ; for  this  yeast, 
being  full  of  vigour,  and  in  a medium  of  predilection,  would 
seize  upon  the  whole  wort,  put  an  almost  insurmountable 
barrier  to  the  development  of  deleterious  germs,  and  give  the 
fermentation  such  a direction  that  the  results  would  be  exceed- 
ingly  favourable,  and  answer  all  his  expectations. 

Again,  suppose  a wine  turns  slightly,  or,  in  other  words, 
becomes  invaded  by  the  Bacillus  aceti ; to-morrow  it  will  be 
vinegar.  But  this  can  be  prevented  by  adding  to  it  a small 
proportion  of  a pure  yeast.  A few  hours  will  see  alcoholic 
fermentation  re-established,  and  that  the  Bacillus  aceti  has 
disappeared  by  phagocytosis  ; thus  the  wort  is  cured,  and  will 
become  good  wine. 

The  reason  of  all  this  is  that  yeasts  gain  in  physiological 
power  by  selection  and  cultivation,  and  by  this  exaltation  are 
enabled  to  dominate,  neutralize,  and  prevent  the  evolution  of 
ferments  pathogenic  to  the  wine,  which  are  contained  in  most 
worts,  either  derived  naturally  or  accidentally.  Thus  diseases 
due  to  these  latter  are  prevented,  and  the  wine  assured  in 
its  keeping  qualities,  or  in  what  we  should  term  in  animals 
their  good  health. 

We  have  now  seen  how  very  similar  are  the  fermentations 
produced  in  the  vegetable  kingdom  to  those  produced  by 
bacteria  within  the  animal  economy  ; we  have  studied  the 
question  of  immunity  and  natural  cure  in  diseases  of  both 
animal  and  vegetable  fermentations  ; we  have  seen  much  the 
same  principles  involved  in  each,  especially  that  of  phagocy- 
tosis which  in  the  case  of  yeast  cells  is  by  no  means  limited 
to  the  bacilli  of  acetic  or  kindred  fermentations,  nor  even  to 
the  purely  saprophytic  bacteria,  but  extends  in  full  power  to 
the  virulent  pathogenic  bacteria  that  persecute  the  human 
race,  including  the  deadly  tubercle  bacillus  of  Koch,  which 
is  responsible  for  a seventh  part  of  their  total  mortality  ; we 
have  also  seen  how  the  diseases  of  wine  may  be  cured  by  the 
proper  application  of  pure  and  selected  yeasts  : surely,  there- 
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fore,  it  is  reasonable  to  expect  some  good  results  by  applying 
the  same  process  to  the  treatment  of  microbic  diseases  in  the 
human  body.  The  blood,  or  ‘ human  wort,’  a complex  fluid, 
equal  in  quantity  to  a thirteenth  part  of  the  weight  of  the 
body,  becomes  invaded  by  bacteria  just  as  the  ordinary  must 
of  wine  or  wort  of  beer  ; the  one  is  the  pathological  fermenta- 
tion of  certain  animal  juices,  the  other  that  of  vegetable 
fluids  ; from  the  same  causes  are  produced  the  same  effects 
— even  more,  the  same  reactions  ; the  analogy  is  complete, 
absolute. 

It  is  perfectly  reasonable,  and  founded  on  scientific  data, 
to  propose  the  application  of  the  pf^siological  properties 
possessed  by  yeast  cells,  enhanced  and  exalted  by  selection 
and  cultivation,  by  injection  into  the  animal  economy,  for  the 
purpose  of  opposing  and  neutralizing  the  pathological  action 
of  virulent  bacteria  which  have  invaded  it,  especially  those 
against  which  no  animal  is  immune,  and  for  which  no  anti- 
toxin can  therefore  be  prepared.  This  is  the  aim  and  object 
of  our  work ; the  future  alone  will  show  the  full  results  to  be 
obtained,  but  even  as  yet  we  have  reason  for  a certain  satis- 
faction in  the  results  already  obtained,  with  a great  hope  that 
we  have  entered  a port  to  a land  of  promise  hitherto  un- 
trodden and  unexplored. 


CHAPTER  Y. 


PURE  YEASTS  : THEIR  PREPARATION  AND  THE  APPARATUS  FOR 

THEIR  ADMINISTRATION. 

Experiments  upon  animals  were  very  nearly  being  aban- 
doned, and  the  whole  subject  given  up,  because,  in  spite  of 
every  antiseptic  precaution  possible,  the  injections  produced 
painful  indurations  or  abscesses  at  the  spot  of  inoculation.  On 
one  occasion  a very  hard  swelling  was  caused  by  the  intra- 
peritoneal  injection  of  10  c.c.  of  a solution  of  yeast  into  a 
guinea-pig,  which  lost  120  grammes  of  its  weight  in  a few 
days  ; this  swelling  took  nearly  a fortnight  to  subside.  In 
order  to  make  sure  that  the  antiseptic  precautions  were 
absolute  on  injection,  the  method  adopted  in  one  case  was  by 
means  of  a Ziegler’s  cell  with  a very  fine  tube  kept  for  four 
hours  in  the  subcutaneous  tissue.  Microscopic  examination 
showed  us  that  an  abundance  of  leucocytes  had  invaded  the 
region  of  inoculation,  but  we  were  also  made  aware  that  the 
yeast  cells  contained  numerous  granulations  and  actual 
bacteria.  A direct  microscopical  examination  of  the  yeasts 
of  which  we  were  making  use  revealed  all  sorts  of  impurities, 
bacteria  and  foreign  bodies  of  many  kinds,  including  several 
distinct  kinds  of  yeasts.  We  turned  our  attention  to  a 
classical  work  on  the  micro-organisms  of  fermentations,  by 
Joergensen  of  Copenhagen,  illustrated  from  Nature  by  Holm. 
The  author  says  : ‘The  My  coderma  cerevisice,  studied  by 
Hansen,  that  is  generally  found  in  the  breweries  of  Copen- 
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hagen,  assumes  various  forms  of  cells.  In  each  cell  there  is 
generally  seen  one,  two,  or  three  small,  very  highly  refracting 
specks  which  frequently  show  a tremulous  or  rolling  move- 
ment.’ There  is  a drawing  by  Holm  (Fig.  5)  illustrative  of  this, 
to  which  the  reader’s  attention  is  drawn,  for  it  reproduces 
exactly  what  we  have  seen  hundreds  of  times  in  yeasts  that 
were  supposed  to  be  commercially  pure,  yet  there  is  a slight 
error,  or  rather  omission,  for  it  is  very  rare  to  find  these  little 
specks  inside  the  yeast  cells  without  noticing  them  outside  as 
well ; perhaps,  as  the  artist  was  only  delineating  yeasts,  the 


Fig.  5. — Commercial  Beer  Yeasts. 

A copy  of  a drawing  from  nature  by  Holm  in  Joergensen’s  work,  ‘ Traite  des  Micro- 
organi.-smes  de  la  Fermentation,’  Paris,  1895.  Dangerous  for  therapeutical  purposes. 


little  specks  outside,  of  whose  import  he  was  quite  unaware, 
were  deliberately  left  out.  Neither  Holm  nor  Joergensen 
gives  any  explanation  regarding  these  little  specks,  perhaps 
from  not  having  paid  any  attention  or  attached  any  import- 
ance to  the  same  appearances  outside  the  cells,  although 
those  outside  may  be  motile.  Now,  we  have  shown  in  a 
previous  chapter  that  these  little  specks  are  really  bacteria 
in  various  stages  of  intracellular  digestion,  and  if  the  reader 
will  turn  to  the  illustration,  he  will  find  in  the  right-hand 
corner  a cell  that  contains  something  in  its  interior,  at  the 
bottom,  something  uncommonly  like  a bacillus.  After  this 
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we  came  to  the  conclusion  that  it  was  impossible  to  obtain  a 
reliable  culture  from  any  commercial  source,  also  that  there 
was  a very  great  danger  in  injecting  into  the  living  animal 
anything  but  an  absolutely  pure  culture,  and  that  the  only 
means  of  obtaining  such  a thing  was  to  make  the  culture 
ourselves  ; for  such  a culture  must  not  only  be  free  from  all 
contamination  from  bacteria,  but  also  free  from  any  other 
species  of  yeast  than  the  particular  kind  we  found  best  for 
our  experiments,  and  consequently  desired  to  acquire.  It 
was  found  that  the  different  yeasts  possessed  very  different 
properties,  possibly  antagonistic  or  inhibitory  to  one  another  ; 
finally,  the  particular  food  best  suited  to  any  one  particular 
yeast  had  then  to  be  worked  out.  The  time  necessary  to 
settle  all  these  questions  took  considerably  over  a year  of 
almost  daily  experiment,  and  the  uncertainties  and  disap- 
pointments of  the  earlier  experiments  can  only  be  imagined. 
The  preparation  of  an  absolutely  pure  culture  was  in  itself 
difficult  enough,  but  the  preservation  of  it  in  a state  of 
absolute  purity  was  even  more  difficult. 

The  first  step  was  to  obtain,  by  culture,  types  of  pure 
yeasts,  then  to  study  their  respective  peculiarities,  and  finally 
select  that  species  which  was  the  most  active,,  best  in  point  of 
size,  and  otherwise  most  suitable  for  the  work  it  was  intended 
that  it  should  perform.  The  second  step  was  to  study  the  wort 
or  alimentation  most  favourable  to  its  development,  and, 
lastly,  to  discover  a means  of  preserving  it  from  all  sources  of 
contamination.  After  a good  many  considerations  respecting 
the  temperature  of  ascospore  formation,  the  influence  of  that 
temperature  upon  the  vitality  of  various  species  in  the  state 
of  cells,  the  convenience  of  the  preparation  of  nutritive  media 
and  injectable  material,  etc.,  considerations,  the  detail  of 
which  seemed  at  times  to  draw  us  too  far  awav,  have  led  us 
to  make  choice  of  the  Saccharomyces  cerevisice , a high  yeast, 
as  that  most  fitted  for  our  peculiar  therapeutical  work. 

Having  fixed  upon  our  yeast  of  the  future,  it  behoved  us 
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to  ascertain,  by  successive  experiment,  the  alimentary  condi- 
tions that  were  best  suited  to  its  development,  not  only 
as  to  its  saccharine  constituents,  but  the  mineral  and  nitro- 
genous constituents  as  well.  Furthermore,  the  actions  of 
chemical  and  physical  agents,  pressure,  light,  etc.,  had  also  to 
be  studied,  and  it  may  here  be  remarked  that,  unlike  bacteria, 
yeasts  do  not  object  to  light,  and  that  an  alcoholic  fermenta- 
tion will  go  on  better,  cater  is  paribus,  in  a well-lighted  than  a 
dark  place.  Finally,  we  had  to  consider  very  carefully  what 
fermentable  matters  should  be  added  to  the  yeast  to  act  as 
its  food  during  its  sojourn  in  the  body.  All  this  naturally 
covered  a great  deal  of  ground.  We  shall  return  to  this 
latter  subject  anon,  and  now  enter  into  the  relation  of  how 
our  yeasts  are  cultivated  and  prepared  for  use. 

A high  yeast  mounts  to  the  surface  during  fermentation, 
but  a low  yeast,  such  as  used  for  lager  beer,  sinks  to  the 
bottom  ; therefore  the  first  selection  was  extremely  easy.  To 
obtain  a pure  strain,  we  made  use  of  Hansen’s  method,  which 
consists  in  preparing  a malted  wort  to  which  had  been  added 
5 per  cent,  of  yeast  ashes  and  10  per  cent,  of  glycerine. 
This  was  placed  in  a Petri  dish,  and  seeded  with  the  high 
yeast  we  had  selected.  In  a short  time,  little  colonies  of 
yeast  proceeding  from  single  cells  were  seen  scattered  about, 
and  of  these  a trace  was  taken  up  by  the  platinum  loop  and 
examined  separately  under  the  microscope.  By  this  means  the 
various  less-active  and  large-sized  cells  were  weeded  out,  and 
only  the  Saccharomyces  cerevisice  preserved.  It  is  sometimes 
very  difficult  to  get  a pure  strain,  and  the  process  has  to  be 
repeated  from  one  Petri  dish  to  another — always  using  the 
best-looking  cells  of  the  previous  dish  with  which  to  seed  its 
successor — until  all  the  colonies  are  identical,  and  until  this 
result  is  obtained,  we  do  not  feel  justified  in  considering  that 
we  have  obtained  a pure  strain.  A Petri  dish  is  then  pre- 
pared with  a layer  of  medium  very  like  the  former  ones,  but 
this  time  with  sufficient  gelatine  to  render  it  solid  ; this  is 
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seeded  with  a pure  selected  colony,  the  dish  placed  in  a larger 
dish  containing  a neutral  gas,  and  the  whole  incubated  at  a 
temperature  of  22°  to  25°  C. 

A wort  is  now  made  from  malt  and  glucosides,  to  which  is 
added  a proportion  of  yeast  ashes  to  provide  mineral  matter, 
the  whole  being  diluted  according  to  its  richness  in  albu- 
minoid matter,  too  great  richness  being  detrimental  to  a good 
result.  A small  flat-bottomed  flask  is  from  a half  to  two- 
thirds  charged  with  this  wort  (henceforth  to  be  known  as 
No.  1),  and  both  sterilized  in  the  autoclave.  After  cooling, 
the  wort  is  charged  with  a stream  of  sterilized  air,  after  which 
our  selected  colony  is  added.  Fermentation  sets  in,  the  yeast 
develops  well,  and,  when  the  fermentation  is  finished,  we  find 
it  deposited  at  the  bottom,  of  the  flask.  The  alcoholic  fluid  is 
then  syphoned  off,  and  the  yeast  transferred  to  a similar,  but 
larger,  flask  prepared  in  exactly  the  same  manner,  and  filled 
rather  more  than  a half  with  the  same  wort  as  the  first. 
During  the  fermentation,  the  quantity  of  yeast  increases, 
which  is  the  reason  for  using  larger  flasks,  for  this  process  is 
several  times  repeated,  each  time  with  a larger  flask,  until  we 
have  obtained  a considerable  quantity  and  weight  of  yeasts. 

This  method  of  procedure  takes  a long  time,  is  very 
tedious,  and  is  somewhat  wearisome,  as  it  necessitates  so 
many  precautions  being  taken  to  avoid  contamination  by  the 
germs  present  in  the  atmosphere ; aerial  disinfection  of  the 
laboratory  from  time  to  time  is  much  help  in  keeping  away 
infection.  For  greater  security  we  prepare  only  a small 
quantity  in  each  series  of  apparatus,  so  that,  if  one  goes 
wrong  from  any  cause,  the  loss  is  not  so  great ; nevertheless, 
the  yeasts  cultured  in  this  way  become  decidedly  costly. 
But  time,  trouble,  and  money  is  well  expended,  for  finally  we 
possess  a physiological  fluid  that  is  completely  and  without 
exception  innocuous.  Having  succeeded  in  obtaining  the 
pure  and  selected  ferments,  there  still  remains  to  transfer 
them  into  an  injectable  fluid  which  will  be  able  to  retain 
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them  in  a state  of  purity  until  the  moment  of  their  introduc- 
tion into  the  system,  where  it  will  accompany  them  for  their 
nutrition.  It  was  evident  that,  in  order  to  produce  the 
maximum  effect  at  the  right  time,  the  yeast  must  be  placed 
in  the  best  conditions  possible  for  assuring  its  vitality  and 
preserving  the  integrity  of  its  functions  ; therefore  it  would 
have  to  be  injected,  together  with  the  most  appropriate 
nutriment  for  its  evolution  and  development.  It  took  a good 
many  experiments  before  we  could  settle  upon  the  best 
formula  ; but  we  now  have  decided  upon  one  which  we 
call  No.  2,  and  generally  use  with  modifications,  according 
to  the  work  that  it  is  expected  to  do  : that  is,  it  varies  with 
the  disease  which  it  is  sent  to  attack,  phthisis,  for  instance, 
requiring  much  saccharine,  cancer  next  to  none,  and  so 
on.  The  wTort  No.  2 is  continually  being  altered  to  suit 
individual  cases  ; latterly  I have  been  adding  a certain  pro- 
portion of  artificial  nuclein  for  phthisis  cases,  and  I think 
with  very  good  results.  Before  mixing  with  wort  No.  2,  the 
yeasts  of  the  last  fermentation  are  thoroughly  oxygenated  by 
a stream  being  passed  through  them,  so  as  to  provide  the 
cells  with  a store  of  oxygen  for  future  use  in  the  system  ; 
must  No.  2 is  then  added,  and  the  whole  syphoned  into  a 
nickel-plated  copper  apparatus  in  the  form  of  an  inverted 
cone,  the  base  of  which  is  provided  with  a bolted  cover  like 
that  of  an  autoclave  ; on  its  passage  into  this  cone,  the  mix- 
ture is  disembarrassed  of  all  the  large  old  and  partly  inert 
cells  from  those  that  are  young  and  vigorous,  which  of  course 
considerably  diminishes  our  yield  of  ferments,  but  decidedly 
exalts  the  physiological  efficacy  of  the  fluid.  The  filtration  is 
effected  by  the  exhaustion  of  air  from  the  cone,  into  which 
the  mixture  is  aspirated  through  a fine  nickel  strainer,  whose 
meshes  are  of  such  a diameter  that  it  retains  all  cells  whose 
diameter  exceeds  7 n-  This  filtrate,  when  received  into  the 
cone,  is  the  mixture  we  inject,  and  was  jokingly  called 
‘ backerine  ’ one  day  by  some  friends  in  De  Backer’s  labora- 
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tory,  and  the  name  was  found  so  convenient  that  we  now 
habitually  use  it.  A means  had  to  be  devised  of  storing  it 
intact,  and  in  such  a state  that  it  could  travel  without  altera- 
tion or  contamination — in  a word,  as  protected  from  possible 
contact  with  impurities  as  it  had  been  all  through  the  manu- 
facture. The  result  of  much  thought  and  consequent  experi- 
ment was  a special  apparatus  which  assures  an  absolute 
asepsis,  and  complete  freedom  from  even  momentary  contact 
with  the  air  until  the  needle  is  thrust  through  the  skin  ; 
so  absolute  an  asepsis  is  not  possible  with  any  antitoxin 
syringe.  The  apparatus  consists  of  an  aseptic  tube  or  car- 
touche which  holds  the  fluid,  and  a special  syringe  to  hold 
it.  The  cartouche  is  a small  tube  of  glass  (made  without 
lead),  with  an  external  diameter  of  § inch  and  a length  of 
1-J-  inches  to  a part  which  is  drawn  out  into  a fine  tube 
about  2 inches  long ; into  the  large  end  is  fitted  a tight 
plug  of  caoutchouc  specially  prepared  without  any  noxious 
mineral,  and  which  contracts  in  the  boiling  water  of  sterili- 
zation, but  expands  when  cold.  The  cartouche  is  steril- 
ized, the  plug  being  pushed  home  to  the  bottom  at  the 
narrow  end  ; the  tubes  are  again  sterilized  immediately  before 
being  filled.  This  process  is  as  follows  : The  fluid  in  the 
metal  cone  is  charged  with  air  sterilized  in  a special  way  to 
a pressure  of  six  atmospheres,  and  is  conducted  through  a 
system  of  tubes  and  taps  to  an  outlet  into  which  fits  the 
narrow  end  of  the  cartouche ; the  tap  is  turned,  when,  by 
means  of  the  pressure  behind,  the  backerine  enters  the  car- 
touche and  pushes  the  plug  in  front  of  it,  the  plug  being 
restrained  from  being  driven  out  by  the  pressure  of  the 
thumb  ; the  tap  is  turned  off,  and  the  narrow  end  of 
the  tube  immediately  sealed  in  a blowpipe  flame ; the  tube 
now  contains  lj  cubic  centimetres  of  backerine  hermeti- 
cally sealed.  When  the  tubes  have  to  travel,  it  is  desirable 
to  protect  the  plug  by  a wad  of  cotton-wool  and  a dab  of 
sealing-wax  ; but  they  do  not  travel  well,  especially  in  hot 
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weather.  The  cartouche  is  now  ready,  and  is  preserved  in 
cases  or  boxes  stored  in  a cool  place.  The  ferments  are  seen 
within  the  tube  at  the  bottom,  of  a pale  fawn  colour,  the 
liquid  being  quite  clear. 

Under  these  conditions  of  pressure  and  exclusion  from  the 
air,  the  yeasts  will  not  ferment,  or,  should  they  do  so  slightly, 
the  disengagement  of  carbonic  acid  gas  increases  the  pressure 
within  the  tube,  and  so  arrests  further  fermentation,  obliging 
the  ferment  to  live  in  a state  of  latent  activity.  11  the 
narrow  part  is  broken  or  cracked,  fermentation  sets  in  briskly 
almost  at  once  ; very  hot  weather  will  also  cause  fermenta- 
tion in  the  tubes,  and  those  whose  plugs  are  the  least  tight 
(owing  to  unevenness  in  the  calibre  of  the  tube)  may  have 
them  blown  out. 

The  special  syringe  consists  of  a hollow  cylinder  of  nickelled 
copper,  fenestrated  with  two  long  slots  opposite  to  each  other  ; 
both  extremities  are  wormed  ; on  to  the  lower  is  screwed  a 
little  spherical  cap  terminating  in  a narrow  male-wormed 
cylinder  for  the  reception  of  the  shoulder-piece  of  the  hypo- 
dermic needle.  At  the  upper  end  of  the  cylinder  is  screwed  a 
hollow  disc  perforated  with  a hole,  through  which  passes  a 
metal  rod,  on  to  the  lower  end  of  which  a small  metal  disc  is 
soldered,  and  the  top  end  furnished  with  a screw-head ; this 
rod  is  used  as  a piston  to  push  down  the  plug  of  the  cartouche 
when  prepared  for  use. 

The  mode  of  using  this  apparatus  is  by  first  removing  the 
sealing-wax  and  cotton-wool  from  the  cartouche,  the  contents 
of  which  are  rendered  homogeneous  and  equally  cloudy  by 
shaking,  or  by  holding  the  tube  between  the  fingers  and 
thumbs,  as  in  making  a cigarette,  and  rolling  it  from  side  to 
side.  The  head  of  the  syringe  is  unscrewed  and  the  cartouche 
slipped  in,  so  that  the  narrow  part  projects  through  the  lower 
end  of  the  syringe,  but  prevented  from  actual  contact  by  a 
small  piece  of  drainage-tube ; the  head  of  the  syringe  is 
replaced  so  that  the  cartouche  is  solidly  fixed  between  the 
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drainage-tube  round  its  narrow  end  and  a disc  of  rubber 
which  lines  the  metal  cap  of  the  head.  The  metal  disc  of  the 
piston-rod  will  now  be  found  to  rest  on  the  rubber  plug  of  the 
cartouche,  which  should  be  next  grasped  between  the  fingers 
and  thumb  of  the  left  hand  through  the  fenestrations,  pres- 
sure being  exercised  so  as  to  extrude  the  narrow  part  as  far  as 
possible  ; this  is  filed  with  two  or  three  strokes  of  the  file  pro- 
vided in  the  case,  and  the  protruding  end  snapped  off.  The 
filing  should  be  done  as  close  to  the  syringe  as  possible,  the 
object  of  pressing  the  cartouche  down  being  to  obviate  the 
chance  of  any  projection  of  glass  beyond  the  syringe  after  the 
lower  end  of  the  cartouche  is  removed.  All  that  remains  to 
be  done  is  to  screw  on  the  previously  sterilized  needle,  and 
the  apparatus  is  ready  for  use.  In  order  to  ascertain  the 
amount  of  force  necessary  to  push  down  the  plug,  the  syringe 
should  be  held  with  the  first  and  second  fingers  round  the 
crooks,  and  the  concave  top  of  the  piston-rod  resting  on  the 
ball  of  the  thumb  ; the  point  of  the  needle  should  be  directed 
upwards;  a squeezing  movement  will  now  cause  the  fluid  to  flow 
from  the  needle  and  trickle  down  it : this  aids  in  sterilization. 

The  skin  or  subjacent  muscle  should  be  quickly  pierced 
and  the  plug  pushed  down,  not  too  quickly  ; the  amount 
requisite  having  been  injected,  the  needle  is  rapidly  with- 
drawn, and  the  spot  gently  massaged  to  aid  absorption.  The 
needle  is  unscrewed,  sterilized,  and  put  away  with  its  wire 
in  the  case  ; the  best  means  of  sterilization  is  by  dropping  into 
alcohol.  The  cartouche  is  removed  and  thrown  away — we 
never  use  them  a second  time — but  the  syringe  is  always 
ready,  as  there  is  nothing  to  get  out  of  order  ; it  can  be 
entirely  taken  to  pieces,  and  is  easily  sterilized — indeed,  it 
never  gets  contaminated,  for  the  needle  is  the  only  part  that 
ever  comes  in  contact  with  the  fluid  used  for  the  injection. 

By  the  employment  of  such  a cartouche  we  gain  the  advan- 
tage of  having  the  remedy  always  ready  for  use  without  any 
further  preparation  ; the  necessity  also  is  obviated  of  trans- 
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ferring  the  fluid  to  be  injected  into  a recipient,  and  from  this  to 
a syringe,  all  being  exposed  to  the  bacteria-laden  air  during 
the  manipulation,  as  well  as  exposed  to  other  sources  of  infec- 
tion, unless  tedious  and  cumbersome  processes  of  sterilization 
and  asepsis  are  carried  out,  the  details  of  which  are  practically 
impossible,  clinically,  in  ordinary  general  practice.  We  con- 
sider this  aseptic  cartouche  to  be  more  economical,  portable, 
more  simple,  and,  above  all,  more  sure,  than  any  other  means 
of  administering  subcutaneous  injections  yet  devised  ; it  could 
be  equally  well  used  for  storing  and  preserving  antitoxins. 

In  the  above  chapter  I have  described  the  syringe  which 
has  been  made  for  me  by  Messrs.  Maw,  Son  and  Thompson. 
It  differs  very  slightly  from  that  of  De  Backer,  but  I think  is 
more  handy. 


CHAPTER  YT. 


THE  ACTION  OF  CURE 


FERMENTS  WITHIN  THE  HEALTHY 


ANIMAL  SYSTEM. 


Being  now  acquainted  with  the  action  manifested  by  bacteria 
against  yeasts  and  the  reciprocal  antagonistic  action  of  yeasts 
upon  bacteria  of  all  sorts,  it  seemed  to  De  Backer  that, 
before  advancing  to  the  study  of  the  influence  that  yeasts 
might  have  upon  bacteria  exercising  their  functions  within  an 
animal  system,  it  would  be  more  correct  to  ascertain  by 
experiment  what  the  effect  of  pure  ferments  would  be  upon 
the  healthy  organism,  also  the  influence  that  healthy 
organs  would  exercise  upon  these  internal  therapeutic 
agents  ; that  is  to  say,  what  would  be  the  phenomena  pro- 
duced by  the  introduction  of  pure  ferments  into  the  living 
system,  as  far  as  possible  known  to  be  in  a state  of  health. 
The  following  experiments  were  carried  out  by  De  Backer  and 
Bruhat. 

Experiment  I. 

On  May  3rd,  1893,  a male  guinea-pig,  a year  old,  weighing 
830  grammes,  and  in  a good  state  of  health,  was  taken  for 
the  first  series  of  experiments.  The  carotid  artery  was  first 
laid  bare  and  quickly  severed,  the  blood  being  received  into 
a sterilized  Petri  dish,  and  immediately  mingled  with  an 
equal  volume  of  backerine.  The  whole  was  introduced  into  a 
sterilized  tube,  which  was  straightway  plugged  with  sterilized 
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cotton-wool.  This  was  about  one  o’clock  in  the  afternoon, 
the  temperature  of  the  laboratory  being  20°  C.  The  blood 
and  various  organs  were  examined  as  under : 

I.  Arterial  Blood. — At  six  o’clock  in  the  evening  fermenta- 
tion showed  itself  very  decidedly.  The  next  day  it  was 
practically  over,  and  the  frothy  head  subsided.  There  was  a 
fresh,  sweet,  alcoholic,  somewhat  aromatic  odour ; the  liquid, 
of  a pale  rosin  tint,  held  in  suspension  some  blackish  clots  of 
fibrin  and  red  corpuscles.  The  mixture  was  shaken  up,  and 
three  cover-glass  preparations  made  from  it,  one  stained  with 
fuchsine,  the  second  with  methyl  violet,  the  third  unstained  ; 
all  were  fixed  with  Canada  balsam.  No  blood  cells  were 
seen  under  the  microscope,  though  there  were  a large  number 
of  yeast  cells,  perfectly  stained,  many  of  them  being  in  a 
state  of  gemmation.  The  conclusion  was  that  the  presence 
of  arterial  blood  drawn  from  the  living  animal  did  not  pre- 
vent and  hardly  retarded  the  fermentation  of  backtAine.  On 
May  25th  the  liquid  had  become  pale  gray,  with  brownish 
hlack  clots  deposited  at  the  bottom  of  the  flask.  The  whole 
was  shaken  up,  and  the  mixture  again  examined.  Many  per- 
fect yeast  cells  were  seen,  apparently  still  living,  but  to  make 
sure  some  of  the  liquid  was  mingled  with  a little  honey,  when 
fermentation  commenced  anew.  The  blood,  therefore,  had 
not  putrefied  after  an  interval  of  twenty  days.  On  June  14th 
the  flask  was  again  examined  ; it  contained  a pale  yellow 
fluid,  with  a gray  brown  coagulum,  with  some  black  bits  in 
it  at  the  bottom  of  the  flask.  The  odour  was  still  that  of 
alcohol,  with  a peculiarity  that  might  have  been  due  to  the 
production  of  ethylacetic  ether.  Under  the  microscope  the 
cells  appeared  to  be  well  preserved,  readily  taking  the  stain. 
A few  cocci,  and  one  or  two  bacteria,  were  seen  in  the  liquid, 
and  later  on  some  were  seen  inglobed  in  the  yeast  cells, 
especially  cocci. 

II.  Venous  Blood. — An  hour  after  the  death  of  the  animal 
the  heart  was  removed,  and  w^as  found  to  contain  a black 
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coagulum  of  blood  ; this  was  mixed  with  half  its  volume  of 
backerine,  and  the  mixture  diluted  with  a little  distilled 
water.  At  6 p.m.  fermentation  had  not  yet  commenced. 
The  next  day,  however,  it  was  found  to  be  ended,  and  the 
froth  all  gone  down,  yet  a slight  shaking  disengaged  numerous 
bubbles  of  carbonic  acid.  The  fluid  was  much  darker  than 
the  other,  but  possessed  the  same  alcoholic  and  aromatic 
odour.  Under  the  microscope  a number  of  yeast  cells  were 
seen  in  process  of  gemmation.  On  May  26th  the  mixture 
appeared  a creamy-brown  mass,  still  with  the  alcoholic  odour ; 
under  the  microscope  the  yeast  cells  appeared  healthy.  The 
flask  was  then  left  to  itself,  the  plug  of  cotton-wool  removed, 
and  a simple  paper  cap  substituted.  On  June  14th  the 
flask  was  again  examined  ; on  the  surface  was  spread  a 
white  fungoid  layer,  covering  a creamy-brown  magma  of  the 
consistence  of  honey,  the  odour  still  being  alcoholic  and 
aromatic.  The  white  layer  on  the  surface  was  found  to  con- 
sist of  yeast  cells  in  the  hyphomycetic  shape,  though  some 
were  seen  in  the  ordinary  form  of  conidia.  The  brown 
mao’ma  also  contained  conidia,  with  some  crenellated  and 
fibrinous  flecks. 

III.  Lungs. — A portion  of  the  fresh  lung  was  cut  out, 
macerated  in  a little  distilled  water,  and  introduced  into  a 
flask  with  some  backerine.  At  six  o’clock  no  fermentation 
had  begun,  but  the  next  day  it  was  very  active ; small  frag- 
ments of  lung  were  floating  about  on  the  surface  in  the  form 
of  small  brown  and  gray  flecks.  The  liquid  containing  the 
ferments  was  whitish,  and  the  odour  of  alcohol  very  distinct. 
On  May  26th  there  was  no  change  in  the  mixture,  the  odour 
of  the  alcohol  being  still  present.  This  flask  was  then  left  to 
itself,  being  simply  covered  with  a paper  cap.  On  June  14th 
the  gray  lung  substance  had  sunk  in  the  flask  instead  of 
floating,  and  rested  on  the  top  of  a layer  of  yeast  cells,  which 
formed  a white  mass.  The  microscope  showed  yeast  cells  in 
good  condition,  some  cocci  and  bacilli,  several  of  the  latter 
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being  inglobed  by  the  yeast  cells ; of  the  cocci  very  few  were 
inglobed  in  comparison  to  the  bacilli. 

IV.  Liver. — A piece  of  liver  was  cut  out,  macerated  in 
distilled  water,  and  backerine  added.  The  next  day  the  flask 
contained  a brown  liquid,  still  allowing  some  bubbles  of  gas 
to  escape.  The  odour  of  alcohol  was  quite  fresh,  and  the 
yeast  cells  appeared  healthy. 

It  would  be  tedious  to  recount  seriatim  the  remainder  of 
the  experiments  on  this  head  ;*  suffice  it  to  say  that  the  brain, 
muscles,  testes,  vasa  deferentia,  and  gall-bladder  were  all 
subjected  to  the  same  process,  and  were  examined  at  the 
same  intervals  of  time,  the  results  being  very  much  the  same 
as  those  above  mentioned.  The  following  conclusions  seemed 
justified  : That  the  presence  of  organic  matter  in  no  respect 
hindered  the  physiological  functions  of  the  yeasts  ; that  the 
alcohol  and  other  products,  formed  from  the  saccharine 
matters,  prevented  any  putrefaction  of  the  organic  matter ; 
that  later  on,  when  exposure  to  the  air  had  generated 
secondary  fermentations,  and  thereby  provided  a medium  of 
culture  favourable  to  the  development  of  the  acetic  and 
butyric  vibrios,  and  micrococci  too,  both  the  latter  were 
inglobed  by  the  living  saccharomycetes ; but  this  did  not 
occur  when  these  were  dead  or  degenerating  at  the  time 
that  the  bacteria  were  developing ; finally,  that  micrococci 
seemed  to  be  more  easily  inglobed  than  bacilli.  Having 
ascertained  this  much,  the  next  experiment  was  naturally 
devised  in  order  to  ascertain  the  effect  produced  by  yeasts 
when  introduced  in  the  form  of  backdrine,  no  longer  in  the 
presence  of  healthy  though  dead  organs,  but  in  the  presence 
of  healthy  organs  in  the  living  system  ; to  find  out,  if  possible, 
whether  they  would  be  able  to  there  exert  their  physiological 
functions  and  produce  an  alcoholic  fermentation. 


* For  a detailed  account  see  ‘Les  Ferments  Therapeutiques,’  by  Dr.  de  Backer. 
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Experiment  II. 

In  order  to  prove  the  presence  or  absence  of  alcohol  in 
this  experiment,  both  in  the  backerine  to  be  injected  and  in 
the  animal  itself,  two  very  distinct  tests  were  made  use  of, 
that  of  the  action  of  alcohol  upon  carbonate  of  potash  and 
iodine  (the  reaction  giving  the  characteristic  odour  of  iodoform), 
and  that  of  alcohol  upon  chromo-sulphuric  acid,  obtained  by 
dissolving  crystallized  chromic  acid  in  strong  sulphuric  acid, 
specific  gravity  1840  (the  reaction  being  the  reduction  of  the 
chromic  acid,  and  the  formation  of  the  green  sulphate  of  the 
sesquioxide  of  chromium).  The  proof  was  first  applied  to  the 
backerine,  so  a small  quantity  of  the  injectable  fluid  (wort 
No.  2,  vide  p.  93)  to  be  used  was  filtered,  and  boiled  with 
iodine  and  potass  carbonate  in  slight  excess.  Not  the  slightest 
odour  of  iodoform  could  be  detected,  thus  proving  the  absence 
of  alcohol. 

In  order  to  test  the  products  of  expiration  of  an  animal, 
it  was  introduced  into  a tightly-closed  box,  through  which  a 
current  of  air  was  made  to  pass.  Two  double  bulbous  tubes 
containing  the  chromo-sulphuric  acid  were  fixed,  one  at  the 
entrance,  and  the  other  at  the  exit  of  the  air  current,  in 
such  a manner  that  the  air  was  obliged  to  pass  through  the 
reagent.  The  little  animal  was  subjected  to  a preliminary 
experiment  without  any  injection  having  been  administered, 
in  order  to  ascertain  if  alcohol  was  normally  excreted  from  it 
or  not  ; it  was  kept  in  the  box  for  twenty-four  hours  without 
food.  At  the  end  of  this  time  the  reagents  in  both  bulbs 
still  retained  their  original  orange-red  colour,  thus  proving 
that  alcohol  was  not  normally  excreted  from  the  animal  by 
skin  or  lungs,  nor  did  the  fumes  arising  from  any  excretions 
give  rise  to  any  alcoholic  reaction.  The  same  animal  was  then 
injected  with  1 c.c.  of  backerine  and  replaced  in  the  apparatus, 
still  without  food.  After  a time  the  fluid  in  the  tube  of  exit 
began  to  change  colour,  first  to  a russet,  then  from  a brown- 
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green  to  a bottle-green,  finally  to  an  olive-green.  The 

reagent  in  the  tube  of  entrance  still  retained  its  original 
© 

orange-red  colour.  Sometimes  as  much  as  eight,  ten,  or  even 
twelve,  hours  are  necessary  to  get  a decided  reaction.  This 
can  be  easily  understood  if  we  bear  in  mind  what  a very 
small  quantity  of  alcohol  could  be  produced  altogether  within 
the  system  of  the  animal,  and  what  a still  smaller  proportion 
would  be  eliminated  in  the  air  expired  by  it.  Yet,  small 
as  the  quantity  may  have  been,  the  reaction  was  evident, 
alcohol  being  the  only  substance  known  that  can  cause  this 
chan  fife  of  colour. 

Experiment  III. 

Objections  having  been  raised  that  two  different  tests  were 
applied  for  the  detection  of  alcohol,  one  to  the  injectable  fluid, 
and  the  other  to  the  products  expired  by  the  animal,  it  was 
decided  to  apply  the  same  test  to  each,  the  chromo-sulphuric 
acid  test  being  the  one  chosen.  This  necessitated  the  con- 
struction of  a special  apparatus.  Two  large  flat-bottomed 
flasks  were  plugged  at  the  neck  with  indiarubber,  perforated 
with  two  holes  ; through  one  passed  a glass  tube,  the  end  of 
which  nearly  touched  the  bottom,  the  other  end  was  provided 
with  bulbs,  arranged  in  such  a fashion  that  there  could  be  no 
bubbling  over ; by  this  tube  the  entrance  of  air  into  the  flask 
was  to  be  effected.  Through  the  other  hole  in  the  plug  passed 
a similar  tube,  but  the  part  within  the  flask  was  much  shorter, 
not  passing  farther  than  the  neck.  It  was  by  this  tube  that 
the  air  would  find  an  exit  after  having  bubbled  through  the 
fluid  in  the  flask  ; the  outside  end  of  this  tube,  also  provided 
with  bulbs,  was  connected  to  an  aspirator  or  suction  apparatus, 
which  exhausted  the  air,  thereby  causing  a current  that  could 
be  regulated  at  will.  One  of  these  apparatus  contained 
the  injectable  fluid  (wort  No.  2)  without  the  admixture 
of  yeasts,  both  fluid  and  vessels  having  been  previously 
sterilized.  The  second  apparatus,  also  sterilized,  contained 
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the  pure  yeasts,  which  had  been  previously  well  washed  with 
sterilized  distilled  water  until  no  trace  of  sugar,  etc.,  remained; 
they  were  then  suspended  simply  in  sterilized  distilled  water. 
Air  was  now  sent  through  the  fluid  in  each  apparatus  for 
twenty-four  hours,  at  the  end  of  which  time  it  was  found 
that  each  bulb  still  retained  its  orange-red  colour,  so  that  it 
was  evident  that  no  alcohol  was  present  in  either  the  yeasts 
or  the  fluid  to  be  injected. 

The  third  apparatus  was  designed  for  the  purpose  of  ascer- 
taining the  presence  of  alcohol  in  the  air  expired  by  the 
animal  injected.  It  varied  a little  from  the  apparatus  first 
made  use  of  for  the  same  purpose  in  some  details  ; it  was 
larger,  for  one  thing,  so  that  it  could  contain  three  or  four 
guinea-pigs,  or  even  five  small  ones ; and,  for  another,  it  was 
arranged  so  that  the  air  inside  could  be  regulated  and  main- 
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tained  at  any  temperature  that  was  desired.  The  same  pre- 
liminary experiment  was  made  with  the  uninjected  animal  as 
in  the  former  experiment,  with  the  same  results,  that  no 
alcohol  could  be  detected.  Then  an  injection  of  backerine  was 
administered  into  the  subcutaneous  tissue  of  the  test  animals, 
the  point  of  inoculation  being  sealed  by  touching  it  with  a hot 
wire.  One  c.c.  of  equal  parts  of  the  yeast  and  the  wort 
(already  proved  free  from  alcohol)  were  used  for  each  injection. 
The  guinea-pigs  were  placed  in  the  apparatus,  which  was 
hermetically  sealed,  with  the  exception  of  the  entrance  and 
exit  of  air.  The  reaction  of  alcohol  showed  itself  much  more 
quickly  now  that  a number  of  animals  were  under  experiment, 
besides  another  favourable  circumstance,  in  that  the  tem- 
perature could  be  raised  and  maintained  at  30°  C.  In  some 
of  the  experiments  the  reaction  appeared  in  two  hours  ; the 
reaction  invariably  showed  the  characteristic  green  colour  in 
the  bulb  of  exit,  the  bulb  of  entrance  still  maintaining  its 
original  golden-orange  colour. 

Wo  may  remark  that  the  little  animals  did  not  appear 
to  be  at  all  upset,  either  by  the  injection  or  their  in- 


THE  A CT ION  OF  PURE  FERMENTS 


i°5 


carceration,  as  long  as  the  current  of  air  was  sufficiently 
rapid. 

It  may  be  urged  that  the  reaction  may  not  have  been 
caused  by  alcohol  at  all,  but  by  something  else  ; but,  in 
answer  to  this,  we  can  only  say  that  none  of  us  are  acquainted 
with  any  substance  but  alcohol  which  is  capable  of  giving  this 
reaction ; it  seemed  evident  also  that  alcohol  could  not  have 
effected  entry,  and  must  therefore  have  been  generated  in  the 
apparatus. 

The  conclusions  drawn  from  these  experiments  were  : That, 
normally,  neither  the  products  of  expiration  nor  the  fumes  of 
the  secretions  or  excretions  of  animals  cause  any  such  reaction  ; 
that  the  ammonia  or  ammoniacal  salts  could  only  neutralize  a 
very  small  portion  of  the  sulphuric  acid,  but  would  not  affect 
the  chromium  compound  in  the  slightest  degree ; besides, 
in  the  preliminary  experiment  nothing  like  it  was  produced. 
It  may  fairly  be  asked : Why,  then,  should  an  injection 
of  mingled  saccharine  and  yeast  set  up  such  a change  ?— 
especially  since  it  had  been  shown  that  the  air,  which 
bubbled  through  the  saccharine  and  the  yeast  respectively, 
did  not  decompose  the  chromo-sulphuric  acid,  thereby 
proving  the  absence  of  alcohol  in  both  constituents  of  the 
backerine. 

Alcohol  is  the  only  known  substance  which  can  produce 
such  a reaction  upon  chromo-sulphuric  acid  ; and  although 
this  particular  apparatus  was  devised  by  Messrs,  de  Baekel- 
and Bruhat,  the  test  itself  has  been  known  for  a long-  time, 
and  has  been  considered  so  precise  and  sure  that,  besides  the 
iodoform  test,  it  is  the  only  one  employed  in  French  medical 
jurisprudence  for  the  detection  of  alcohol ; it  is  also  recom- 
mended by  English  authors  on  the  same  subject,  Taylor 
amongst  them. 

The  same  test  was  used  by  Messrs.  Lallemand,  Perrin 
and  Duroy,  to  demonstrate  that  alcohol  administered  by  the 
mouth  could  be  excreted  by  the  skin  and  lungs ; an  Italian 
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greyhound  was  selected,  as  that  breed  of  dog  possesses  a very 
fine  skin  with  but  little  hair. 

Other  experiments  were  made  by  injecting  the  yeasts, 
washed  until  the  filtrate  showed  no  signs  of  alcohol,  separately 
from  the  injectable  fluid  ; the  green  reaction  was  produced. 
Sometimes,  with  yeast  alone,  after  a long  time  and  when  con- 
ditions were  favourable,  a feeble  reaction  was  obtained. 

After  these  various  experiments  were  finished,  the  conclu- 
sions that  seemed  justified  were  that  young  and  pure  yeast 
cells  injected  with  aseptic  precautions  into  the  economy, 
together  with  the  nutritive  and  fermentable  matters  necessary 
to  them,  not  only  survived  the  injection,  but  were  capable  of 
exercising  their  normal  functions  in  reducing  the  saccharine 
elements  injected  with  them.  No  doubt  the  other  products 
of  fermentation,  carbonic  acid,  succinic  acid,  etc.,  were  also 
formed,  besides  the  alcohol  whose  presence  had  been  proved, 
but  the  means  of  actually  proving  this  were  not  easy  to  devise, 
neither  does  the  proof  seem  very  necessary. 

Another  series  of  experiments  was  now  instituted  in  order 
to  ascertain  the  peculiarities  of  the  diffusion  of  the  yeast  cells 
within  the  system. 


Experiment  1. 

Ten  c.c.  of  backerine  were  injected  into  the  subcutaneous 
tissue  of  a male  guinea-pig,  with  the  usual  antiseptic  pre- 
cautions ; twenty-four  hours  afterwards  a few  drops  of  luke- 
warm distilled  and  sterilized  water,  slightly  tinged  with 
methyl  violet,  were  placed  in  a Pravaz  syringe,  the  needle  of 
which  was  inserted  into  the  same  place  as  the  injection  of  the 
previous  day.  Aspiration  was  then  effected  from  within  out- 
wards ; a few  drops  of  liquid  were  thus  withdrawn,  which 
were  examined  under  the  microscope.  Some  epithelial  cells 
were  seen,  a large  number  of  both  mononucleated  and  poly- 
nucleated  white  corpuscles,  which  varied  in  shape  and  changed 
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in  form  whilst  under  observation  ; a few  healthy-looking  yeast 
cells  were  also  seen,  but  no  red  corpuscles. 

This  experiment  was  repeated  several  times,  with  a longer 
interval  from  the  time  of  injection.  Forty-eight  hours  after- 
wards the  same  elements  were  observed  as  in  the  preceding 
case,  but  the  yeast  cells  were  fewer  in  number,  and  some  of 
them  had  taken  on  degeneration  forms  (hyphomycetic),  pro- 
bably due  to  the  fact  that  the  saccharine  injected  with  them 
had  been  entirely  exhausted  and  reduced.  In  many  of  the  slide 
preparations  yeast  cells  were  seen  to  be  inglobed  within  the 
leucocytes,  especially  the  mononuclear  leucocytes,  which  was  a 
very  interesting  fact  from  the  clinical  point  of  view,  inasmuch 
as  it  gave  some  idea  as  to  how  long  the  efficacy  of  each  injec- 
tion into  the  system  was  likely  to  last,  and  how  long  it  would 
probably  be  before  the  yeast  cells  would  lose  their  functional 
power  within  the  economy.  It  also  showed  in  what  manner 
the  yeast  cells  would  be  finally  removed  from  the  body  when 
their  work  was  accomplished.  My  own  observations  made 
upon  a series  of  cases  of  tuberculosis  tell  me  that  in  the 
diseased  system  the  yeast  cells  maintain  their  vitality  and 
functions  for  a very  much  longer  time  than  in  the  healthy 
system  ; that  successive  broods  of  yeasts  are  formed  within 
the  economy,  as  evidenced  by  secondary,  or  even  tertiary, 
reactions  ; and.  finally,  that  the  leucocytes  do  not  devour  and 
get  rid  of  the  yeast  cells  as  long  as  they  are  aiding  the  former 
in  their  legitimate  work. 

During  one  of  these  experiments,  the  guinea-pig,  which 
had  been  only  loosely  fastened,  gave  a jump  at  the  moment  of' 
inoculation,  thereby  causing  the  needle  to  penetrate  the 
thorax,  which  received  the  injection.  A little  while  after- 
wards blood  appeared  at  the  point  of  puncture.  A few  drops 
were  secured  and  microscopic  slides  prepared  from  them,  which 
were  then  examined.  A large  number  of  red  corpuscles  were 
seen,  together  with  a much  larger  proportion  of  white  cor- 
puscles than  the  normal,  also  numerous  yeast  cells,  many 
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more,  indeed,  than  were  found  at  the  point  of  inoculation  in 
the  former  experiment  (p.  107).  According  to  the  results  of 
these  observations,  a new  series  of  experiments  was  instituted 
for  the  purpose  of  ascertaining  the  course  and  effect  of  yeast 
cells,  with  their  necessary  nutriment,  when  directly  injected 
into  the  blood-current  in  different  regions. 

Experiment  II. 

Into  the  large  vein  of  a guinea-pig’s  ear,  about  5 c.c.  of 
backerine  were  injected  in  different  portions  at  various  in- 
tervals, extending  over  ten  hours.  The  next  day  the  other 
ear  of  the  animal,  after  a thorough  washing  and  asepsis,  the 
final  washing  being  done  with  aether,  was  punctured  in  the 
vein  with  a lancet,  a few  drops  of  blood  extracted,  slightly 
stained  with  violet,  and  examined.  Some  of  the  preparations 
contained  no  yeast  cells,  but  in  others  a few  were  discovered. 
This  experiment  was  repeated  several  times  with  the  same 
result,  but  as  these  experiments  had  been  conducted  in  the 
same  laboratory  in  which  continual  experiments  with  yeasts 
had  been  going  on  for  over  a year,  it  might  have  so  happened 
that  yeast  cells  might  have  been  conveyed  to  the  slide  pre- 
parations from  outside,  on  glass  slides,  dusters,  or  even  the 
hairs  of  the  animal  itself.  Microscopic  examination  of  the 
dust  of  the  laboratory  showed  this  to  have  been  quite  possible  ; 
therefore,  to  avoid  all  such  contamination,  two  guinea-pigs 
were  procured  and  kept  for  some  days  away  from  the  labora- 
tory at  a private  house  ; new  slides  and  cover-glasses  were 
obtained  as  well  as  dusters  that  had  never  yet  been  used. 
The  guinea-pigs  were  kept  apart  and  inoculated  with  backerine 
separately,  the  point  of  insertion  of  the  needle  being  imme- 
diately closed  by  a scar  made  by  the  point  of  a hot  iron. 
Here,  then,  there  could  be  no  possible  contamination  from  out- 
side yeast  cells,  yet  the  results  of  the  experiments  were 
exactly  the  same.  In  some  of  these  experiments  the  blood 
was  examined  before  inoculation  as  well  as  after,  when  it  was 
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found  that  in  the  latter  case  a much  larger  proportion  of  white 
cells  was  present,  causing  a decided  leucocytosis. 

Experiment  III. 

A rabbit  was  injected  with  10  c c,  of  backerine  into  the 
subcutaneous  tissue  of  the  left  thoracic  region,  also  in  the 
corresponding  region  on  the  right  side,  the  points  of  both 
inoculations  being  closed  with  the  hot  wire,  but  before  this 
was  done  a little  of  the  fluid  was  squeezed  out,  showing  no 
trace  of  blood,  thereby  proving  that  the  fluid  had  been 
injected  into  the  subcutaneous  tissue,  and  not  into  any  blood- 
vessel. The  next  day  a prick  was  made  with  all  aseptic  pre- 
cautions into  the  vein  of  the  left  ear,  and  a few  drops  of  blood 
removed  with  a sterilized  pipette.  A series  of  cover-glass 
preparations  were  made,  all  being  stained  with  a cold  solution 
of  violet.  Many  leucocytes  were  seen  in  all  the  preparations, 
and  in  a great  many  sometimes  one  or  two,  or  even  three, 
saccharomyces  cells. 

Experiment  IV. 

During  a period  extending  over  ten  hours  a guinea-pig 
was  given  four  injections  each  of  10  c.c.  of  backdrine  into  the 
subcutaneous  tissue  of  the  abdomen  ; the  creature  was  left 
alone  until  the  next  day,  when  it  was  taken  to  the  laboratory 
and  killed.  In  order  to  preserve  the  vascular  system  intact, 
the  animal  was  killed  by  strangulation  ; it  was  then  opened, 
and  a certain  number  of  preparations  made  from  the  blood 
and  other  humours.  It  must  be  understood  once  for  all  that 
in  every  experiment  all  instruments,  glass  rods,  vessels,  liga- 
tures, operator’s  hands,  etc.,  were  always  rendered  as  carefully 
aseptic  as  is  done  in  abdominal  operations  on  the  human  body, 
lienee  it  will  not  be  necessary  to  keep  repeating  the  fact  of 
sterilization.  The  regions  from  which  the  preparations  were 
taken,  with  the  results  observed,  are  as  follows  : 

I.  The  fluid  or  lymph  of  the  subcutaneous  tissue  adjacent 
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to  the  point  of  insertion  : The  result  showed  numerous  epi- 
thelial cells,  a fair  number  of  leucocytes,  and  some  healthy- 
looking  yeast  cells. 

II.  Lymph  taken  from  the  inner  surface  of  the  pleura,  a 
region  distant  from  the  place  of  inoculation  and  separated 
from  it  by  the  diaphragm  : The  result  showed  ejjithelial  cells, 
but  neither  leucocytes,  red  blood  corpuscles  nor  yeast  cells. 

III.  Vein  of  the  skin  near  the  spot  of  inoculation  : The 
blood  appeared  normal  with  the  exception  of  a large  proportion 
of  leucocytes  ; also  yeast  cells  were  discovered  in  the  ordinary 
form  of  conidia. 

IV.  Superior  mesenteric  vein  : Many  leucocytes  and 

yeast  cells  were  noticed. 

Y.  Jugular  vein  : Many  preparations  gave  no  result  ; 
only  two  showed  any  yeast  cells,  but  these  were  very  distinct 
and  presented  the  form  of  ascomycetes.  These  were  not  con- 
founded with  mononucleated  leucocytes,  as  these  latter  stained 
a blue  tint  and  were  filled  with  granulations,  whilst  the  yeast 
cells  had  their  protoplasm  clear,  and  contained  from  one  to 
five  endogenous  spores  of  a deep  violet  hue. 

VI.  Liver  : A piece  was  taken,  chopped  up  and  macerated 
in  water  ; the  resulting  liquid  was  examined  : many  pigmented 
cells  were  seen,  red  and  white  blood  corpuscles,  also  a few 
yeast  cells,  but  not  many. 

VII.  Pulmonary  vein  : Yeast  cells  were  seen  in  the  asco- 
mycetic  form,  but  two  cells  were  attached  as  links  of  a chain 
(hyphomycetic  form),  very  like  those  noticed  in  the  sub- 
cutaneous tissue  forty-eight  hours  after  injection  (vide  p.  107). 
This  is  the  form  that  yeasts  adopt  when  in  films  on  the  surface  ; 
that  is  to  say,  when  exposed  to  the  air  and  leading  an  aerobic 
existence. 

VIII.  Heart  : The  blood  in  the  heart  was  found  clotted  ; 
these  clots  were  removed  and  examined  ; the  serum  expressed 
from  the  clots  contained  no  yeast  cells,  but  the  fibrinous  mass 
which  formed  the  bulk  of  the  clot  enclosed  some  yeast  cells, 
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both  conidia  and  ascomycetes,  as  well  as  red  and  numerous 
white  corpuscles. 

IX.  Muscles  : One  of  the  muscles  of  the  thigh  was  dis- 
sected out  and  washed,  then  sliced  in  its  long  axis.  The 
central  part  thus  laid  bare  was  then  touched  with  a glass  rod, 
and  the  result  spread  on  a cover-glass,  with  a little  sterilized 
distilled  water.  Fine  separated  muscle  fibrillae  were  seen, 
with  saccharomyces  cells  in  the  form  of  conidia. 

The  conclusions  drawn  from  this  series  of  experiments 
were  that  young  and  pure  yeast  cells,  when  introduced  into 
the  animal  economy  through  the  veins,  enter  into  the  circula- 
tory current,  survive  in  it,  and  are  capable  of  exercising  their 
functions  within  it  (Experiment  II.) ; that  this  also  obtains 
when  backerine  is  injected  subcutaneously,  without  any  direct 
communication  with  the  bloodvessels  (Experiment  III.)  ; that 
the  laws  of  diffusion  appeared  to  be  (Experiment  IV.)  that 

1.  The  saccharomyces  cells  diffuse  themselves  with  great 
rapidity  in  the  tissues  adjacent  to  the  place  of  insertion, 
mingling  with  the  fluids  which  these  tissues  contain,  and 
penetrate  by  this  means  both  the  muscular  tissue,  organs, 
and  blood- current. 

2.  The  nearer  the  organs  are  to  the  spot  of  inoculation, 
the  greater  is  the  number  of  saccharomyces  found  within 
them.  This  is  important  clinically  in  guiding  us  to  choose 
the  best  places  for  administration  in  different  diseases. 

The  other  phenomena  noted  were  : That  in  addition  to  the 
action  of  the  invertin  and  diastases  secreted  by  the  yeasts  ; 
in  addition  to  the  production  of  alcohol,  etc.,  caused  by  their 
action  upon  the  fermentable  matter  of  the  backerine  ; in 
addition  also  to  their  phagocytic  power,  the  yeast  cells  set  up 
an  increase  of  circulation  and  abundant  leucocytosis.  Finally, 
that  the  vitality  of  the  yeast  cells  within  the  healthy  system 
is  not  indefinite,  lasting  perhaps  some  four  or  five  days ; but 
the  actual  time  appears  to  be  in  relation  to  the  quantity  of 
fermentable  matter  injected  with  them,  or  that  they  can  find 
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within  the  system  into  which  they  have  been  thrown.  After 
having  played  their  part,  their  functions  being  ended,  the  cells 
degenerate,  and  become  the  prey  of  the  macrophages,  which 
digest  them,  as  can  be  easily  understood  when  we  remember 
that  a considerable  leucocytosis  is  provoked.  This  inglobing 
of  the  degenerating  yeast  cells  may  be  very  well  studied  under 
the  microscope  by  using  some  blood  from  the  tail  of  a newt, 
as  recommended  by  Schafer.* 

The  above  remarks  apply  only  to  the  duration  of  vitality 
of  the  yeast  cells  within  the  system  of  the  healthy  guinea- 
Pig-  In  the  human  being,  especially  in  cases  of  individuals 
containing  much  glycogen  and  in  those  suffering  from 
diabetes,  saccharomyces  cells  have  been  discovered  in  the 
hlood  even  three  months  after  injection. 

It  may  reasonably  be  asked,  How  can  saccharomyces  cells 
(which  ordinarily  prefer  an  acid,  or  slightly  acid,  medium) 
exist  and  develop  in  the  alkaline  fluids  of  the  body,  which, 
with  the  exception  of  the  arterial  blood,  possess  no  oxygen  ? 
Now,  the  experiments  detailed  in  this  chapter  show  that  they 
certainly  do  exist,  have  their  being,  and  exercise  their  func- 
tions therein  ; therefore  an  answer  to  the  question  certainly 
exists,  and  may  be  found  in  the  fact  that,  although  old  and 
inactive  yeast  cells  cannot  exist  in  such  a condition,  yet 
those  which  are  young  and  vigorous  are  able  to  do  so,  espe- 
cially after  they  have  previously  undergone  the  process  of 
oxygenation,  as  described  in  a previous  chapter.  The  absence 
of  free  oxygen  is  no  bar  to  fermentation,  for  Pasteur  has 
declared  fermentation  to  be  the  consequence  of  anaerobic  life. 

As  regards  alkalinity,  I quote  an  experiment  to  show  that  a 
slightly  alkaline  medium  is  no  great  hindrance.  I caused  some 
of  our  usual  cartouches  to  be  charged  with  pure  ferments  and 
backerine  fluid,  rendered  slightly  alkaline  by  phosphate  of 
soda.  This  was  in  the  middle  of  June,  and  so  they  remained 
for  three  months,  until,  in  the  middle  of  September,  I released 

* ‘Essentials  of  Histology,’  p.  21. 
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the  contents,  which  were  mingled  with  the  sputum  from  a 
phthisical  patient.  The  fermentation  was  active  and  decided. 

( )n  examination,  the  phagocytic  power  of  the  yeast  cells  was 
well  displayed  over  the  different  kinds  of  cocci  in  the  sputum. 
No  inglobement  of  any  tubercle  bacillus  was  noted  ; but  this 
is  not  surprising,  as  I could  only  find  one  such  bacillus  after 
hunting  through  several  preparations.  This  patient  had  been 
for  five  months  under  the  ferment  treatment,  previous  to 
which  his  sputum  had  been  loaded  with  tubercle  bacilli.  On 
the  question  of  alkalinity,  a quotation  from  Dumas  would  not 
be  amiss  : ‘ Small  quantities  of  free  bases  possess  no  marked 
influence  over  the  phenomena  of  fermentation  ; yet,  and  the 
same  applies  to  acidity  also,  a too  alkaline  medium  hinders 
and  prevents  fermentation.’  Now,  the  human  blood  does  not 
possess  this  extreme  alkalinity,  but  it  will  be  interesting  to 
ascertain  by  subsequent  experiment  what  the  effect  will  be 
upon  rats,  whose  blood  is  excessively  alkaline. 

It  has  been  shown  that  yeasts  can  retain  their  functions 
when  exposed  to  much,  to  little,  or  to  no  contact  with  air 
(provided  that  in  the  latter  case  the  cells  have  been  previously 
aerated,  as  Bourquelot  remarked) ; but  certain  alterations  of 
function  occur  under  these  different  conditions — alterations  of 
cell  growth,  production  of  alcohol,  etc.  Dumas  has  further- 
more demonstrated  that  yeast  cells  retain  their  activity  when 
preserved  in  many  different  gases  besides  oxygen,  such  as 
hydrogen,  nitrogen,  carbonic  acid,  nitrous  oxide,  carburetted 
hydrogen,  etc.  Reference  is  here  made  to  Experiment  IV.  of 
this  series,  p.  107,  during  which  two  cells  of  the  hyphomycetic 
shape  were  seen  in  the  blood  from  the  pulmonary  vein — a 
form  in  which  they  certainly  were  not  when  injected.  Now, 
this  shape  is  seen  in  Nature,  as  aforesaid,  on  the  surface  of 
fermenting  liquids,  forming  the  film,  when  the  sugar  is  almost 
exhausted,  and  the  cells  are  in  contact  with  the  air.  In  the 
case  of  the  pulmonary  vein  we  have  exactly  the  same  condi- 
tions, for  at  that  time  the  saccharine  in  the  backerine 
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becoming  exhausted,  and  the  yeast  cells  had  been  exposed  to 
the  oxygen  in  the  capillaries  of  the  lungs,  a further  proof  that 
yeast  cells  enjoy  their  normal  existence  when  present  in  the 
blood. 

As  to  the  effects  of  the  pressure  that  the  yeast  cells  might 
be  called  upon  to  undergo  within  the  body,  the  reader  who 
cares  to  pursue  this  subject  further  is  referred  to  the  com- 
munication made  to  the  Royal  Academy  of  Belgium  by  Messrs. 
A.  Certes  and  Denys  Cochin  on  the  effect  of  high  pressures 
upon  the  vitality  of  yeast  cells.  It  will  be  sufficient  here  to 
say  that  the  yeast  cells  are  preserved  with  their  fermentable 
matter  in  the  cartouche,  under  a pressure  of  six  atmospheres, 
and  that  in  this  state  they  retain  their  properties  for 
months. 

The  harmlessness  of  injections  of  pure  yeasts  into  animals 
has  been  distinctly  proved.  After  ascertaining  that  the  yeast 
cells  could  live  and  cause  fermentation  in  the  animal  economy, 
it  was  desirable  to  find  out  whether  such  injections  could  pro- 
duce any  harmful  or  deleterious  result  to  the  animals  subjected 
to  them.  The  experiments  of  Dr.  Capitan  and  of  Dr.  Maryx 
showed  that  enormous  quantities  of  yeasts  could  be  exceedingly 
well  borne  by  animals  ; that  the  yeast  cells  were  afterwards 
found  abundantly  in  the  blood,  and  later  in  the  urine.  Albu- 
minuria was  sometimes  noticed  by  the  former  experimenter, 
but  only  twice  by  the  latter,  partly,  perhaps,  because  he  did 
not  use  such  large  quantities,  Dr.  Capitan  having  administered 
to  a dog  as  much  as  4 grammes  of  yeast  in  60  c.c.  of  water. 
For  human  beings  we  do  not  use  anything  like  these  doses,  so 
that  albuminuria  need  not  enter  into  our  calculations. 

A considerable  number  of  guinea-pigs  were  injected  in  Dr. 
de  Backer’s  laboratory  during  the  course  of  these  experiments. 
The  pure  cultures  of  Saccharomyces  cerevisice  were  injected 
into  various  places  and  organs,  including  the  muscular  tissue, 
peritoneum,  and  lungs.  Some  were  injected  daily  with  several 
cubic  centimetres  for  periods  extending  over  months,  all  being 
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well  borne,  so  much  so  that  some  of  the  little  creatures 
got  quite  fat.  In  one  case,  a female  guinea-pig,  a year  old, 
and  weighing  750  grammes  at  the  commencement  of  the 
experiment,  received  a daily  injection  for  forty  consecutive 
days.  She  kept  well  and  had  good  appetite  all  along.  At 
the  end  of  the  course  her  weight  was  found  to  have  increased 
to  897  grammes.  A rabbit  treated  in  the  same  way  gave 
similar  results. 

After  being  thoroughly  assured  of  the  innocuity  of  the 
method  practised,  and  of  the  materials  used,  under  the  condi- 
tions imposed,  De  Backer  and  Bruhat  desired  to  watch  the 
effects  of  similar  experiments  upon  the  human  body.  M.  Bru- 
hat offered  himself  as  the  subject.  He  is  a man  of  average 
height,  good  physique,  though  spare  ; dark-complexioned, 
with  bright  black  eyes  ; energetic,  eager  and  alert  ; one  is 
struck  with  the  intensity  which  he  throws  into  any  work  done 
or  into  any  subject  of  conversation.  It  was,  then,  on  such  a 
nature  and  constitution  that  the  backerine  was  to  be  tried. 
An  injection  of  6 c.c.  of  backerine  was  administered  subcu- 
taneously into  the  lower  region  of  the  abdomen  on  the  right 
side  at  10.30  a.m.  What  follows  shall  be  related  in  his  own 
words  : 

‘ The  injection  was  not  painful:  three  or  four  minutes  after- 
wards I perceived  only  a slight  feeling  of  smarting. 

‘ 12  o'clock. — Lunched  with  good  appetite  (roast  meat,  also 
farinaceous  and  saccharine  food,  with  white  wine).  Towards 
the  end  of  the  meal  I began  to  feel  a little  inflammation  and 
tenderness  to  the  touch  at  the  place  of  inoculation,  but  there 
was  no  redness  of  the  skin  ; the  large  subcutaneous  vein  of 
the  abdomen  (superficial  epigastric),  near  which  the  needle 
had  been  inserted,  was  rather  prominent.  The  slight  pain 
felt  was  merely  local ; there  was  none  elsewhere. 

‘1.30  to  3.30  p.m. — I was  out  driving;  nothing  much  was 
noticed  except  a slight  discomfort  on  getting  in  and  out  of  the 
carriage. 
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‘ 4 p.m. — The  whole  of  the  right  inguinal  region  was  tender 
to  the  touch  ; the  skin  seemed  rather  stretched,  but  the  vein 
was  no  longer  prominent.  Frictions  of  warm  camphorated 
camomile-oil  were  used  to  soften  the  distended  tissues. 

£ 4.30  to  5 p.m.—  My  head  felt  rather  heavy,  and  I had  a 
great  tendency  to  sleep.  There  was  no  shivering  nor  fever, 
but  I had  a slight  sensation  of  cold,  and  my  hands  were  cold, 
although  I was  quite  near  the  fire.  I then  walked  to  Dr.  de 
Backer’s,  Hue  Chausee  d’Antin,  whom  I found  with  one  of  his 
colleagues.  Conversation  quickly  dispelled  the  disposition  to 
sleep.  I remained  there  till  seven  o’clock,  experiencing 
nothing  but  a little  pain  and  discomfort  in  getting  up  or 
sitting  down. 

£ 7 p.m. — Dinner  ; excellent  appetite.  Food  much  the  same 
as  at  lunch.  During  the  day  there  had  been  neither  diarrhoea 
nor  constipation,  but  a slight  anuria  ; only  one  slight  passing 
of  urine  since  the  injection. 

£ 8 p.m.  to  midnight  nothing  fresh  was  noted.  On  my 
return  to  the  Hue  de  Berlin  ’ — where  M.  Bruhat  was  then 
living' — £ the  pain  was  so  slight  that  I did  not  trouble  to  rub 
the  spot  of  inoculation  with  the  camomile- oil.  I soon  went  to 
sleep,  but  awoke  at  2.30  a.m.,  the  reactional  crisis  then  taking 
place.  There  was  very  little  fever,  but  the  skin  over  the 
whole  body  was  dry  and  burning,  the  mouth  also  dry  and  the 
tongue  white  ; however,  there  was  very  little  rise  of  tempera- 
ture. The  sensation  then  experienced  was  very  queer  ; it 
seemed  as  if,  between  the  peritoneum  and  the  skin  of  the 
abdomen,  particularly  on  the  right  side,  there  had  been  placed 
a somewhat  heavy  leaden  casing,  which  compressed  it.  Next 
followed  a rather  sharp  pain  in  the  back,  which  quickly 
became  general,  and  was  accompanied  by  a marked  sensation, 
not  exactly  of  formication,  but  as  of  worms  crawling  very 
slowly,  this  sensation  being  felt  all  over  the  body,  even  in  the 
hands  and  feet.  This  condition,  during  which  I could  not 
sleep,  lasted  until  half-past  five  in  the  morning,  when  the 
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sensation  rapidly  abated,  and  1 could  turn  in  bed,  bend  and 
stretch  my  limbs  without  pain  ; but  the  place  of  injection  was 
still  tender  to  the  touch. 

‘ It  appeared  to  me  just  at  that  moment  that  my  body 
resembled  a very  full  wine-skin,  in  which  all  the  elements 
were  in  a state  of  plethora,  and  that  I completely  filled  every 
crevice  of  my  cc/o.  The  impression  produced  was  very  curious, 
with  an  indefinable  sensation  of  well-being  ; after  that  I soon 
wrent  oft*  to  sleep  again,  to  wake  at  7.30  in  a colliquative  per- 
spiration. 

‘ At  1 0 a.m.  there  no  longer  remained  any  trace  of  pain,  even 
on  movement,  except  that  the  spot  of  insertion  was  still  tender 
to  the  touch.  The  whole  right  lower  abdominal  region  was 
red,  and  a very  decided  lymphangitis  existed  there.  By  mid- 
day the  local  condition  had  improved  more  and  more,  but  the 
anuria  still  persisted.  I partook  of  lunch  with  white  wine  as 
usual,  with  good  appetite.  The  local  state  improved  during 
the  afternoon,  the  spot  of  injection  being  hardly  painful  to  the 
touch,  with  the  exception  of  a small  point  of  induration  about 
4 centimetres  around  the  puncture  ; but  the  glands  of  the 
groin  were  much  swollen,  and  of  the  size  of  a hen’s  egg.  The 
redness  of  the  skin  had  much  diminished. 

‘At  5 p.m.  I partook  of  a couple  of  glasses  of  beer,  which 
were  followed  by  an  emission  of  urine. 

‘ 7 o'clock. — 1 fined  with  excellent  appetite  ; beer,  and  after- 
wards coffee,  were  partaken  of  in  the  way  of  fluids.  The 
anuria  still  persisted. 

‘ At  11  p.m.  the  adenitis  appeared  to  be  resolving,  and  the 
swollen  glands  much  less  painful  to  the  touch.  On  the  other 
hand,  the  spot  of  insertion  on  the  right  side  had  become  more 
tender,  and  frictions  with  camomile- oil  were  used. 

‘ A very  quiet  night  was  passed,  with  uninterrupted  sleep. 
On  awaking  there  was  no  longer  any  redness  of  the  skin  over 
the  abdomen,  the  gland  was  scarcely  the  size  of  a hazel  nut, 
and  hardly  painful  at  all,  even  to  the  touch.  The  spot  of 
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insertion  was  still  a little  inflamed,  but  much  less  tender  than 
the  day  before.  The  anuria,  which  had  persisted  since  the 
injection,  had  now  ceased.  The  urine,  on  analysis,  showed 
neither  sugar  nor  albumin,  but — a phenomenon  worth  re- 
membering— a few  inappreciable  traces  of  phosphates. 

‘ At  mid-day  the  appetite  at  lunch  was  excellent.  By  mid- 
night the  adenitis  had  nearly  all  gone  ; the  slight  inflamma- 
tion at  the  point  of  inoculation  alone  persisted.  The  night, 
like  the  preceding  one,  was  quite  calm.  In  the  morning  the 
anuria  had  entirely  disappeared,  the  glandular  swelling  had 
gone,  and  the  tender  spot  of  insertion  felt  nearly  well,  even  on 
handling.  In  the  evening  the  local  condition  was  still  better, 
and  the  next  day,  that  is  to  say,  about  ninety  hours  after  the 
injection,  all  inflammatory  phenomena  had  ceased,  and  the 
system  returned  to  its  normal  state.’ 

We  see  from  this  experiment  that  the  reaction  within  the 
system  was  of  a certain  intensity  ; that  the  injection  of 
backerine  in  a healthy  subject  produces  no  lasting  unpleasant 
phenomena,  and  that  the  experimental  leucocytosis  thus  pro- 
duced does  not  compromise  the  health  of  the  person  experi- 
mented upon. 

The  reader  may  have  noticed  the  constant  repetition  of 
‘ excellent  appetite.’  Now,  this  excitation  of  appetite  is  a 
constant  fact  that  we  notice  after  injections  of  backerine  into 
both  healthy  and  diseased  animals,  many  of  them  running  to 
their  food  soon  after  their  release,  often  eating  greedily. 
Now,  this  was  never  seen  when  animals  were  inoculated  with 
pathogenic  substances.  I have  frequently  remarked  this 
phenomenon  in  my  patients  who  are  undergoing  this  treat- 
ment, especially  in  phthisical  cases,  which  is  the  more  remark- 
able and  satisfactory,  as  it  is  in  them  that  we  so  often  find 
degeneration  of  the  digestive  powers,  with  feeble  and  capricious 
appetite,  accompanied  so  often  by  vomiting  and  nausea. 


CHAPTER  VII. 

ACTION  AND  THERAPEUTICS  OF  PURE  YEAST  FERMENTS  AND 

THEIR  PRODUCTS. 

From  the  study  of  the  various  scientific  phenomena  in  vitro , 
the  work  has  been  carried  through  experiments  on  the  healthy 
animal  economy  to  the  final  stage  of  the  whole  subject,  which 
is  the  action  of  these  pure  yeast  ferments  upon  the  diseased 
system,  the  study  of  the  special  diseases  in  which  they  are 
likely  to  be  efficacious,  their  mode  of  application,  the  choice  of 
locality  selected  for  their  injection,  and  the  reactions  produced, 
after  which  we  shall  close  the  chapter  with  a few  clinical  hints 
and  instructions. 

The  great  principle  underlying  the  whole  of  the  treatment 
by  pure  ferments  is  the  substitution  of  a natural,  healthy, 
alexinic  fermentation  for  one  that  is  pathological  and  destruc- 
tive. We  have  seen  in  a previous  chapter  the  great  help 
that  can  be  obtained  from  phagocytosis  alone,  that  the  injec- 
tion of  these  auxiliaries  is  perfectly  innocuous,  and  in  no  way 
embarrasses  the  animal  system.  Let  us  now  turn  to  the 
physiological  action  and  therapeutics  of  the  products  of  yeast 
cells,  alcohol,  carbonic  acid,  glycerine  and  succinic  acid,  and 
see  what  part  they  may  be  likely  to  play  in  this  new  treat- 
ment. It  must  be  borne  in  mind  that  although  these  sub- 
stances are  necessarily  produced  in  small  quantities,  yet  they 
are  produced  in  the  place  where  they  have  immediate  scope  for 
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the  exercise  of  their  greatest  power  at  a time  of  their  maxi- 
mum activity,  which  is  the  nascent  state. 

Carbonic  Acid. — The  ingestion  of  this  substance  exerts  a 
calmative  action  over  the  stomach,  therefore  allaying  vomit- 
ing ; it  is  also  a diuretic.  It  has  been  used,  on  account  of  its 
soothing  action,  to  allay  the  pain  of  cancerous  ulcers  and 
gangrenous  wounds.  To  a certain  extent  it  is  antiseptic, 
lessening  suppuration,  and  promoting  the  healing  of  wounds. 
It  is  exceedingly  useful  also  in  counteracting  a phosphatic 
diathesis.  When  injected  hypodermically,  it  promotes  the 
union  of  divided  tendons.  Probably  its  greatest  use  in  the 
ferment  treatment  is  its  diuretic  action,  by  which  much  of 
the  toxins  of  bacteria  are  eliminated,  but  in  diabetes  it  may 
have  some  direct  action  on  sugar  formation. 

Alcohol , when  ingested,  stimulates  the  glands  of  the 
stomach,  and  aids  digestion,  especially  in  the  old  or  those 
feeble  from  disease.  It  is  readily  absorbed  by  the  blood- 
vessels, less  so  by  the  lacteals.  It  stimulates  the  heart  and 
accelerates  the  pulse,  but  in  fever,  where  the  pulse  rate  is 
already  high,  alcohol  acts  by  lowering  it,  the  heart  is  steadied, 
and,  from  its  systole  and  diastole  being  more  perfectly  per- 
formed, more  blood  is  caused  to  flow  at  each  beat.  Alcohol 
also  stimulates  the  nervous  system,  sometimes  to  the  extent 
of  enabling  it  to  resist  and  ward  oh*  attacks,  or  at  least  gain 
time  for  the  system  to  rally  its  forces. 

These  actions  are  seen  following  its  administration  at  the 
commencement  of  a catarrh,  of  a paroxysm  of  asthma,  directly 
after  a snake-bite,  or,  more  familiarly,  to  prevent  a fainting. 
In  the  same  manner  it  lowers  the  temperature  in  fevers.  It 
also  possesses  analgesic  powers,  and,  in  combination  with 
carbonic  acid,  is  exceedingly  grateful  to  an  irritated  stomach, 
either  in  the  form  of  champagne  or  brandy  and  soda-water. 
It  certainly  possesses  very  considerable  diaphoretic  properties, 
especially  to  those  of  a sanguineous  nature,  and  I think  there 
can  be  little  doubt  about  its  diuretic  action,  although  Hale 
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White  remarks  that  it  acts  as  a mild  diuretic,  this  probably 
being  a secondary  result  of  its  vascular  effects.  On  the  other 
hand,  Rabuteau  states  that  alcohol  is  one  of  the  most  powerful 
diuretics,  and  I am  inclined  to  agree  with  him,  both  from 
clinical  and  general  observations. 

It  is  interesting  to  note  that  in  London,  during  the  last 
few  years,  the  number  of  diuretic  conveniences  has  been 
enormously  increased.  It  would  be  unreasonable  to  suppose 
that  these  would  have  been  erected  unless  to  fulfil  a real 
want.  This  want  is  caused  by  the  enormous  quantity  of 
whisky  (direct  alcohol)  now  consumed  in  comparison  with 
beer  (diluted,  or  indirect,  alcohol),  which  used  formerly  to  be 
the  popular  beverage.  Alcohol  is  also  a haemostatic,  acting 
by  constricting  the  smaller  vessels  ; it  is  also  a food  in  a 
limited  sense,  but  far  more  is  it  a conservator  of  force. 
Finally,  its  powerful  antiseptic  action  must  here  be  considered. 
No  bacterium  can  exist  in  its  presence,  even  in  the  state  of 
spore ; for  generations  specimens  in  museums  have  been  pre- 
served in  it.  Our  'parts  in  the  dissecting-room  were  washed 
with  it  and  wrapped  up  with  cloths  soaked  in  it  to  prevent 
them  from  corruption,  although  in  the  days  1 speak  of  we 
were  unaware  of  the  why  and  the  wherefore  of  its  action,  for 
bacteriology  was  a science  yet  to  come. 

The  study  of  the  antiseptic  properties  of  alcohol  takes  me 
back  a good  many  years — as  far  back  as  the  close  of  the  great 
war  between  France  and  Germany,  with  the  internecine  strife 
that  immediately  followed  it.  I remember  then  being  struck 
with  the  remarkable  cleanliness  exhibited  by  wounds  after 
being  washed  and  dressed  with  alcohol.  This  was  at  the 
Hopital  Beaujon  in  Paris,  which  lies  close  to  the  place 
th  rough  which  the  Versailles  troops  effected  an  entry  into 
Paris ; consequently  we  had  many  wounded  in  the  final 
struggle,  besides  those  accounted  for  by  German  bullets  and 
shells.  The  only  dressings  used  at  that  time  by  M.  Dolbeau 
were  alcohol  and  glycerine,  another  product  of  yeast  fermen- 
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tat  ion  to  be  presently  described.  Sinuses  formed  in  the  track 
of  bullets  did  wonderfully  well  when  syringed  out  with 
alcohol,  which  seemed  to  find  its  way  into  interstices  and 
clean  them  out  in  a way  I have  never  seen  with  any  other 
substance.  I rather  think  that  there  used  to  be  a certain 
amount  of  pain  attending  the  alcohol  dressing,  but  pain  was 
not  much  considered  in  those  days.  Had  we  known  the 
reason  of  our  wounds  being  so  beautifully  clean  and  free  from 
suppuration,  we  should  have  also  known  that  they  did  not 
require  dressing  so  often. 

Glycerine. — This  is  another  substance  which  we  used  very 
largely,  soaking  charpie  in  it,  and  laying  it  in  the  bottom  of 
wounds.  It  is  a triatomic  alcohol,  possessing  great  solvent 
and  hygroscopic  powers.  It  controls  metabolism  and  retards 
fermentation,  but  aids  digestion  by  dissolving  the  pepsine.  It 
exercises  a direct  influence  on  nutrition,  and,  like  alcohol,  is  a 
food  of  conservation. 

Succinic  Acid. — This  is  chiefly  used  up  in  the  system  and 
transformed  into  bicarbonates,  which  increase  the  alkalinity 
of  the  blood.  The  remainder  appears  in  the  urine  in  a 
state  of  combination,  in  which  state  it  possesses  antiseptic 
properties. 

Dr.  Caravias  deemed  it  of  such  importance  in  the  treat- 
ment and  dietetics  of  the  phthisical  state  that  he  recommended 
the  systematic  employment  of  succinogenic  substances  in  such 
cases.  He  advises,  therefore,  raw  meat,  fats,  bimalate  of 
calcium,  benzoic  acid  and  its  salts,  non-acidulated  pepsine, 
asparagine,  carrots,  green  vegetables,  etc. 

From  the  physiological  actions  and  therapeutics  of  the 
products  resulting  from  the  vital  action  of  yeast  cells,  we 
pass  on  to  consider  the  therapeutics  of  the  protoplasm  and 
constituents  of  the  yeast  cell. 

We  have  already  seen  from  the  analysis  on  p.  19  that  the 
protoplasm  of  yeast  cells  is  distinguished  by  the  large  amount 
of  phosphorus  it  contains,  thereby  resembling  the  leucocytes 
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and  blood  plasma  in  their  chemical  constituents.  The 
nucleins  also  obtained  from  yeasts  differ  very  little  from 
those  of  animal  cells,  and  both  of  them  may  be  converted  into 
spermine,  the  active  principle  of  the  emulsion  designed  by 
Brown-Sequard.  This  substance,  spermine,  has  been  espe- 
cially studied  by  Professor  A.  Poehl,  of  the  University  of 
St.  Petersburg,  who  obtained  it  from  the  testicles  and 
prostate  glands  of  young  bulls  and  stallions.  The  result  of 
his  experiments  proves  that  this  substance  is  an  intra-organ ic 
ferment  or  enzyme  of  oxidation,  which  acts  by  destroying  the 
metabolic  basic  products  of  waste  or  denutrition  (leucomaines), 
which  are  thus  oxidized  and  eliminated  from  the  system, 
thereby  preventing  that  auto-intoxication  to  which  so  much 
attention  has  been  recently  directed,  and  which  is,  no  doubt, 
a state  of  system  which  predisposes  to  invasion  by  the  patho- 
genic microbes. 

Poehl  is  of  decided  opinion  that  a state  of  resistant 
immunity  is  maintained  by  the  constant  action  of  spermine 
upon  the  leucomaines,  which  gives  to  the  animal  most  of  its 
heat  and  energy.  When  from  any  cause  (such  as  bacterial 
infection)  the  leucocytes  do  not  secrete  a sufficient  quantity 
of  spermine,  the  blood  becomes  less  alkaline,  so  pernicious 
results  ensue.  O11  this  subject  the  reader  is  referred  to  the 
excellent  article,  by  William  Armstrong,  on  ‘ Gastro- Intestinal 
Toxins’  (B.  M.  J.\  July  31,  1897),  and  Poehl’s  communica- 
tions (The rap.  Manat.,  January,  1891,  and  Wien.  Med. 
Woch.y  1897,  No.  4).  Many  observers  consider  that  the 
serum  of  the  blood  owes  its  bactericidal  power  to  this  sub- 
stance. I11  the  hands  of  Veliammoff  and  Roshtchinin  it  has 
done  good  work,  both  in  sustaining  exhausted  patients 
through  prolonged  operations,  and  in  cases  of  diabetes 
mellitus,  tuberculosis  of  lung,  and  in  neurasthenia.  The 
latter  author  considers  that,  on  account  of  its  power  of 
strengthening  the  energy  and  vital  capacity  of  the  cerebro- 
spinal nerve  elements,  of  generally  increasing  the  vital  energy  of 
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the  system,  and  of  regulating  cardiac  action,  ‘ a brilliant  future 
can  be  safely  expected  ’ for  it  ( Vratch,  No.  10,  1891,  p.  282). 

Nuclein  is  secreted  especially  by  the  large  poly  nucleated 
(neutrophile)  cells.  Now,  these  are  the  very  cells  which 
possess  the  greatest  phagocytic  power.  Let  us  imagine,  then, 
the  system  of  an  individual  to  be  in  a state  of  slight  auto- 
intoxication, that  is,  with  an  under-average  amount  of  nuclein 
circulating  in  the  blood,  becoming  invaded  by  bacteria  ; the 
neutrophile  cells  hurry  to  meet  the  invaders,  upon  which  they 
exercise  their  phagocytic  power.  Yet  they  have  been  caught 
whilst  unprepared,  and  it  is  too  much  for  them  to  do  to 
secrete  the  nuclein  needed  for  the  system,  and  exercise  phago- 
cytosis at  the  same  time ; consequently,  they  lose  the  battle, 
and  the  system  becomes  definitely  invaded.  The  old-fashioned 
practice  of  cleaning  out  the  primae  vise  by  a brisk  purge  at 
the  first  symptoms  of  an  attack  was  sound  practice,  to  which 
we  are  reverting,  for  by  so  doing  toxic  matters  were  at  once 
got  rid  of,  and  the  liver  encouraged  to  secrete  more  bile,  that 
most  valuable  of  all  neutralizers  of  poisons  produced  during 
digestion,  to  toxiptones,  ptomaines,  etc.  Most  efficacious,  too, 
is  another  old-time  practice,  that  of  administering  an  emetic 
at  the  initial  symptoms  of  infectious  disease.  I have  personally 
seen  the  good  effects  of  this  scores  of  times ; in  fact,  one  of 
the  most  eminent  physicians  of  the  present  day — and  certainly 
the  most  eminent  as  regards  treatment — told  me  in  conversa- 
tion, a quarter  of  a century  ago,  that  it  was  a standing  order 
in  his  house  that  if  he  were  absent,  and  one  of  the  children 
should  sicken  with  feverish  symptoms,  with  headache  and  sore 
throat,  with  or  without  rash,  a certain  emetic  was  to  be  given 
pending  his  advent.  Should  he  do  me  the  honour  of  reading 
these  pages,  no  doubt  he  will  remember  the  time  when  his 
children  were  little,  and  how  great  was  his  solicitude  foi 
them.  These  measures  not  only  clear  out  many  bacteria,  but 
free  the  digestive  organs,  and  set  free  a certain  portion 
of  nuclein  to  deal  with  the  bacterial  products. 
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Nuclein  obtained  from  yeasts,  eggs,  spleen,  thyroid  gland, 
pituitary  body,  etc.,  as  well  as  from  the  testes,  has  been 
largely  used  by  Dr.  Vaughan  in  America,  both  by  means  of 
subcutaneous  and  intramuscular  injections  and  by  oral  adminis- 
tration. It  has  been  used  by  various  investigators  for  various 
diseases — diphtheria,  follicular  tonsillitis,  pseudo-diphtheria, 
and  pulmonary  phthisis — in  all  of  which  a distinct  improvement 
or  arrest  of  the  disease  was  noticed.  The  nuclein  appeared  to 
have  a dynamogenetic  power  of  increasing  the  nerve  tone  of 
the  system,  in  addition  to  its  being  an  auxiliary  to  the  proto- 
plasm of  the  leucocytes  in  rendering  inoperative  the  attempt 
of  the  invading  bacteria  to  effect  a foothold,  multiply  with 
fermentation,  and  so  produce  disease.  If  such  good  results 
can  be  obtained  with  nuclein  alone,  how  much  better  must  be 
the  effect  when  they  are  carried  to  the  hard-pressed  leuco- 
cytes, not  in  an  abstract  condition,  but  in  the  living,  healthy 
state  by  auxiliary  cells,  which  also  possess  phagocytic  pro- 
perties. I have  lately  made  the  addition  of  a certain  amount 
of  artificial  nuclein  to  the  yeasts  prepared  for  injection  to  be 
used  in  cases  of  phthisis,  and  I have  been  very  pleased  with 
the  results  obtained  so  far,  but  the  regulation  of  the  dose 
requires  great  care. 

There  remains  but  to  discuss  the  therapeutics  of  the 
mineral  substances  contained  in  the  protoplasm  of  the  yeast 
cells,  and  see  how  far  their  peculiar  components  are  of  service 
or  antagonistic  to  the  human  economy.  These  mineral  matters 
are  very  important  items  in  the  animal  system,  for  upon  them 
many  important  processes  depend,  the  action  of  ordinary 
table  salt  upon  vegetable-eaters  being  an  instance.  Minerals 
are  indispensable  to  the  economy,  for  Forster  has  demonstrated 
that  an  animal  deprived  of  all  mineral  matters  dies  much 
more  speedily  than  when  deprived  entirely  of  food  ; this  can 
be  explained  when  we  consider  that  during  the  assimilation 
of  albumin  a good  deal  of  sulphuric  acid  is  set  free,  which  in 
the  normal  state  is  at  once  combined  with  the  mineral  bases 
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in  the  food  ; but  if  these  are  cut  off,  the  free  acid  either  com- 
bines with  certain  salts  taken  from  the  tissues,  which  really 
require  them  for  other  purposes,  or  it  exercises  the  corrosive 
action  of  its  free  state  upon  the  general  economy.  Normally 
we  find  these  minerals  in  the  system  combined  with  organic 
acids,  in  which  state  they  play  a very  important  part  by 
exchanging  these  organic  acids  for  the  mineral  acids  formed 
during  assimilation  for  one  thing,  and  for  another  by  preserv- 
ing the  economy  from  an  accumulation  of  products  which 
would  be  detrimental  to  the  chemical  and  physical  processes 
of  the  tissues  ; they  also  form  the  alkaline  carbonates  as  a 
final  product  of  combustion.  Many  of  them  possess  special 
properties  over  certain  organs  and  cells,  where  they  may  be 
found  in  combinations  with  protoplasm,  giving  rise  to  special 
reactions.  A glance  at  the  analysis  of  yeasts  will  show  that 
their  mineral  constituents  are  the  very  ones  that  go  to  build 
up  the  organs  of  higher  functions,  being  especially  rich  in 
phosphates. 

The  modes  of  administration  fall  into  three  principal  divi- 
sions : (a)  By  direct  application  to  the  part  affected  ; (f3)  by 
direct  administration  to  the  mucous  passages  ; (y)  by  direct 
administration  into  the  fluids  of  the  system. 

(a)  On  foul  wounds  and  ulcers  on  the  surface  of  the  body, 
pure  yeasts  may  be  applied,  either  by  means  of  the  cartouche 
and  syringe,  in  the  form  of  backerine,  or,  what  is  still  better, 
in  the  form  of  a dry  powder.  This  must  be  very  lightly 
dusted  over  a wound  which  has  been  previously  cleaned  by 
a stream  of  sterilized  water  ; as  a general  rule,  one  applica- 
tion in  the  twenty-four  hours  is  enough.  It  is  astonishing  to 
see  how  quickly  large  varicose  and  other  ulcers  heal  up  under 
this  treatment ; cancerous  wounds  also  often  do  exceedingly 
well.  The  powder  must  be  kept  dry,  but  not  in  too  warm  a 
place  ; if  these  conditions  are  observed,  it  will  retain  its  pro- 
perties for  some  time.  The  powder  is  very  difficult  to  make, 
but  the  laboratory  difficulties  have  been  finally  overcome  by 
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M.  Lachenaud,  and  we  now  get  a powder  containing  two-fifths 
of  pure  yeasts.  This  powder  is  excellent  for  blowing  on  to 
the  diphtheritic  patches  on  the  throats  of  children,  who  are 
too  nervous  and  terrified  to  permit  the  application  ol  the 
spray,  and  as  it  adheres  to  the  membrane,  whilst  destroying 
the  bacilli  causing  it,  the  powder  does  not  require  to  be  used 
very  often. 

A very  beneficial  effect  is  found  in  the  direct  application 
of  yeast  spread  over  warm  linseed  poultices ; the  poultices 
must  not  be  hot,  or  the  yeasts  are  destroyed.  This  means  is 
especially  useful  in  cases  of  ischio-rectal  abscesses  after  they 
have  been  opened  or  have  burst  naturally. 

(l 3 ) Yeast  may  be  administered  by  injection  into  the 
rectum,  which  is  found  useful  in  cancer  of  that  organ,  or  by 
injection  into  the  mouth,  throat,  or  through  the  nostrils,  which 
is  of  great  service  in  cases  of  diphtheria  in  which  the  nasal 
passages  are  implicated.  By  intratracheal  injection,  which 
is  effected  by  first  putting  the  glottis  under  the  influence  of 
cocain,  then  passing  an  appropriately  curved  silver  tube 
through  the  vocal  cords,  when  the  backerine  can  be  syringed 
through  the  tube  into  the  lung ; this  is  chiefly  of  service 
when  microbic  associations  are  present  in  the  lungs  of 
phthisical  patients.  It  is  of  distinct  service,  but  needs  a 
steady  hand  and  good  eye,  with  no  little  co-operation  on  the 
part  of  the  patient.  The  lungs  can  also  be  reached  by  means 
of  a spray  or  nebulization,  which  may  be  preferred  to  the 
fluid  injection.  The  same  means  can  also  be  used  up  the 
nostrils,  to  the  pharynx  or  throat  generally.  An  ordinary 
Clarke’s  spray  answers  very  well.  Oppenheimer’s  nebulizer 
may  be  used  for  inhalation,  but  it  is  an  uncertain  instrument, 
and  wants  perfecting  for  this  substance ; I have,  however, 
seen  good  from  its  use.  The  way  I most  recommend  is  to 
attach  the  bellows  to  an  oxygen  bag,  and  send  oxygen  instead 
of  air  through  the  yeasts,  which  are  then  inhaled  into  the 
lungs  in  a very  active  state ; the  oxygen  should  first  be 
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warmed  through  an  oxygen  warmer,  as  designed  by  Henry 
Hobson,  of  Leeds.  I have  lately  seen  a most  excellent  powder 
nebulizer,  made  by  Ferris,  of  Bristol,  by  which  the  dry  powder 
(p.  127)  could  be  conveyed  to  the  lungs  with  advantage  ; it 
can  be  used  with  the  oxygen  tube. 

Yeast  may  be  ingested  or  swallowed  either  mingled  with 
beer,  honey-and- water,  or  made  into  a paste  with  honey,  or 
even  plain  brewer’s  yeast  may  be  taken  as  it  comes  from  the 
brewery.  It  creates  at  times  somewhat  annoying  symptoms 
when  taken  in  this  way,  causing  a feeling  of  distension,  with 
eructations.  This  is  the  way  in  which  it  has  been  given  in 
furunculosis  and  diabetes,  usually  in  tablespoonful  doses. 

Yeast  is  a very  old  remedy  for  the  former  complaint,  and 
has  been  revived  for  the  latter  recently  by  Cassaet  ( Lancet , 
1895,  ii. , p.  685),  who  recommends  a dose  of  2 ounces  ; this 
amount  may  produce  diarrhoea  occasionally,  but  not  so 
frequently  in  the  diabetic,  who  are  usually  very  constipated. 

(y)  Hypodermic  injection  is  the  mode  recommended  for 
the  general  treatment  of  the  various  diseases,  with  the  other 
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modes  in  addition  where  opportunity  offers.  In  our  own  hands, 
and  in  the  hands  of  those  who  have  been  educated  in  the  use  of 
the  special  syringe,  we  have  never  had  any  mishap  ; patients 
almost  invariably  feel  the  actual  flow  of  the  backcrine  under  the 
skin  far  more  than  they  do  the  insertion  of  the  needle  through 
the  skin.  This  subcutaneous  method  is  the  one  we  generally 
practise ; parenchymatous,  intramuscular,  and  intravenous 
injections  have  been  used,  but  none  of  them  possesses  any 
advantage  over  the  more  simple  subcutaneous  injection,  with 
which  everybody  is  familiar. 

The  choice  of  spot  to  be  selected  for  the  injection  depends 
upon  the  distribution  of  the  yeasts  within  the  system,  as 
well  as  the  particular  malady  to  be  treated.  In  phthisis  a 
very  good  spot  is  over  the  supraspinous  region  of  the  scapula 
on  the  affected  side,  or,  if  both  sides  are  affected,  then  on 
alternate  sides  ; if  the  spot  of  insertion  should  remain  pain 
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ful,  the  next  injection  may  be  given  in  the  arm  near  the 
middle  of  the  deltoid  muscle,  or  (which  I personally  prefer)  a 
spot  just  above  the  level  of  the  angle  of  the  scapula,  and  in 
front  of  its  anterior  border. 

In  o-eneral  tuberculosis,  the  abdominal  tuberculosis  of 
children,  and  in  typhoid  fever,  the  left  flank,  just  below  the 
spleen,  is  the  best  place  ; and  if  there  is  the  least  distension 
of  the  abdomen,  the  left  side  should  be  chosen.  I have  not 
found  that  extreme  sensitiveness  in  that  region  amongst 
English  people  that  De  Backer  has  spoken  to  me  about  and 
mentions  in  his  work  (p.  285),  except  in  those  cases  of 
phthisis  who  were  compelled  to  breathe  entirely  by  abdominal 
respiration,  thereby  inducing  constant  movement  and  friction 
of  bedclothes  over  the  spot  of  puncture. 

In  cancers,  the  choice  of  spot  depends  very  much  upon 
where  the  growth  is  situated.  There  is  no  great  objection  to 
injecting  directly  into  the  neoplasm,  but,  bearing  in  mind 
Snow’s  assertion  that  any  puncture  in  a growth  may  tempor- 
arily reduce  its  bulk  without  in  the  least  arresting,  or  even 
retarding,  its  progress,  I am  of  opinion  that  it  is  better  to 
inject  into  the  most  contiguous  tissues,  rather  than  into  the 
growth  itself,  or  the  injection  may  be  divided,  and  part  given 
each  way.  There  is  also  another  reason  for  not  injecting 
into  the  growth  itself,  for  by  so  doing  we  are  injecting  into 
degenerating  cells  and  tissue,  whereas  if  we  inject  into  the 
periphery  or  neighbourhood,  we  are  injecting  into  the  line  of 
the  radiation  of  infection,  by  which  the  youngest  cells  are 
met  with  and  destroyed. 

In  cases  of  mammary  cancer,  a spot  may  be  taken  at  the 
lower  origin  of  the  pectoralis  major,  as  the  yeast  cells  get 
taken  along  in  the  same  stream  and  direction  as  the  cancer 
cells  must  travel  if  set  free.  In  cases  of  cancer  of  the 
stomach,  the  epigastrium  or  splenic  region  offers  the  most 
advantages  ; in  cancer  of  the  uterus,  the  thigh  or  buttocks 
may  be  chosen;  where  the  kidneys  are  the  victims  of  cancerous 
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quadratus  lumborum  is  a favourable  place ; in  cancer  of  the 
tongue,  lips,  ears,  and  glands  of  the  neck,  the  choice  of  spot 
is  much  more  difficult ; perhaps  the  best  place  is  either  in  the 
subclavian  or  inferior  carotid  triangle  of  the  neck.  De  Backer 
has  just  (September,  1897)  written  to  me  concerning  a most 
successful  case  of  epithelioma  of  the  lip  cured  by  minute 
injections  (a  few  drops)  administered  into  the  chin.  In  this 
case  the  patient  is  bearded,  and  the  injection  was  given 
through  the  hair. 

The  reactions  that  happen  after  injection  deserve  mention, 
so  that  patients  may  be  warned  as  to  what  they  may  expect. 
The  reaction  occurring  in  a healthy  individual  has  already 
been  described ; we  are  here  dealing  with  what  happens  to 
patients.  Reactions  of  some  kind  or  another  almost  in- 
variably take  place,  so  that  we  are  often  able  to  cast  a 
prognosis  from  observing  them.  In  rare  cases  no  reaction 
occurs ; De  Backer  mentions  the  case  of  a patient  suffering 
from  laryngeal  phthisis  who  had  received  four  injections,  given 
at  five  days’  interval  between  each,  but  who  showed  no  reaction 
of  any  kind  from  first  to  last  ; in  this  case  there  was  no 
improvement.  In  one  of  my  own  cases,  a gentleman  seventy 
years  of  age,  suffering  from  cancer  of  the  submaxillary  glands 
secondarily  to  an  amputated  lingual  cancer,  no  reaction  what- 
ever was  observed,  much  to  the  surprise  of  both  of  us,  for 
De  Backer  had  come  over  to  London  to  see  him  with  me.  We 
made  a special  culture  of  backerine  for  our  patient,  and  think- 
ing that  perhaps  the  injections  in  the  close  neighbourhood  of 
the  growth  might  not  have,  been  absorbed,  we  administered 
the  next  in  the  flank,  yet  with  no  result  ; the  other  flank  was 
tried,  and  one  day  we  even  gave  him  two  injections,  but 
always  with  the  same  want  of  success.  The  patient  died  a few 
weeks  later,  but  suffered  very  little  or  no  real  pain  since  the 
time  the  injections  were  first  administered,  beyond  the 
mechanical  difficulty  in  swallowing.  This  patient  was  also 
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the  subject  of  Raynaud's  disease,  which  might  have  had  some- 
thing to  do  with  the  peculiarity  of  want  of  reaction,  and 
might  betoken  an  extreme  lack  of  vitality. 

On  the  other  hand,  the  following  is  a case  of  no  reaction 
following  injection,  but  the  treatment  resulted  in  a cure.  A 
lady  of  about  twenty-six  years  had  had  repeated  at  tacks  of  in- 
fluenza, which  left  her  intensely  neurasthenic;  for  years  she  had 
suffered  from  an  occasional  discharge  from  her  ears,  the  result 
of  an  attack  of  scarlet  fever  in  childhood.  Her  mother  had 
died  of  phthisis,  but  the  rest  of  the  family  were  healthy  ; her 
organs  appeared  to  be  sound,  but  the  urine  was  peculiar,  occa- 
sionally being  extremely  offensive,  and  was  found  to  be 
swarming  with  bacteria.  Koch’s  bacillus  I could  never  find, 
though  I more  than  suspected  its  presence.  She  was  very 
pallid,  and  incapable  of  any  exertion,  insomnia  being  also  a 
distressing  symptom.  This  lady,  after  consulting  numerous 
physicians  and  undergoing  various  treatment,  Weir  Mitchell’s 
included,  without  any  improvement,  came  to  me  for  treatment 
by  pure  ferments,  as  I was  under  the  belief  that  she  was 
suffering  from  the  effects  of  bacterial  toxins.  Accordingly  she 
was  injected  in  the  left  side  over  the  abdomen,  about  6 p.m., 
at  the  beginning  of  May.  During  the  night  the  temperature 
only  rose  1 degree,  and  beyond  being  thirsty  during  the 
night  and  sleepy  in  the  morning  there  were  no  unusual 
symptoms  ; the  heaviness  persisted  slightly  till  evening.  The 
following  night  was  good,  and  the  next  day  she  went  out 
driving.  Between  May  10  and  the  middle  of  July  she 
received  four  injections  with  never  more  reaction  than  the 
first — so  little,  indeed,  that  she  has  been  out  on  her  bicycle 
the  very  next  morning  without  discomfort.  Although  with- 
out much  reaction,  the  treatment  has  not  been  without 
result,  for  the  patient  quite  recovered  her  health,  and  was  a 
different  being  before  the  end  of  the  summer.  Her  recovery 
may  have  been  due  to  her  leucocytes  having  been  aided  in 
their  nuclein-secreting  properties,  and  from  that  timely  aid 
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are  now  in  a flourishing  condition,  as  she  has  not  required 
medical  attention  since. 

The  description  given  in  the  previous  chapter  of  a reaction 
happening  to  the  healthy  human  subject  may  be  taken  as  a 
type  of  what  generally  occurs  to  those  under  treatment,  with 
certain  exceptions.  I find  generally  that  those  suffering 
from  disease  experience  a much  greater  elevation  of  tempera- 
ture (in  some  cases  even  rising  to  104°  Fahr.  at  the  crisis), 
hence  the  mental  excitement  is  usually  greater  as  the  period 
of  rigor  approaches,  very  much  resembling  the  hilarity  caused 
by  drinking  champagne.  One  lady  has  particularly  noticed 
this,  and  has  spoken  to  me  of  her  husband’s  backerine  voice. 

Patients  may  have  hallucinations,  and  imagine  that  they 
see  people  standing  about  their  bed,  talking  at  them,  mocking 
them,  or  making  faces  at  them,  though  this  is  not  often  the 
case.  One  of  my  patients,  however,  a short,  thick-set,  very 
powerful  man,  yet  with  a sensitive  nervous  system,  during 
the  night  after  an  injection,  got  out  of  bed,  staggered  about 
the  room  and  threw  things  about,  but  he  is  a very  excitable 
man  naturally.  All  patients,  with  very  few  exceptions,  talk  a 
great  deal,  and  perhaps  may  say  more  than  in  their  more 
cautious  moments  they  would  deem  prudent — another  likeness 
to  the  effects  of  champagne. 

As  the  excitement  is  greater,  so  is  the  after-depression  more 
intense.  Many  of  my  patients  tell  me  that  they  wind  up 
with  a good  crying  fit,  after  which  they  are  better  ; others, 
that  the  depression  takes  the  form  of  crossness,  fretful  ness,  or 
downright  ill-temper.  There  is  one  very  frequent  symptom 
complained  of  by  phthisical  patients,  which  is  a peculiar  taste 
or  odour  in  the  mouth,  and  some  have  said  in  the  perspira- 
tion. This  may  be  due  to  the  excretion  of  bacillary  products. 
It  is  difficult  to  describe  a sensation  that  one  has  not  ex- 
perienced one’s  self.  One  patient  described  it  to  me  as  a taste 
of  herbs  or  decaying  leaves ; another,  as  a sort  of  chemical 
taste  (whatever  that  may  be) ; another,  as  an  indescribable 
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taste ; and  yet  another,  as  ‘ a dreadful  taste  which  I cannot 
describe.’ 

As  regards  the  urine,  there  may  be  either  a partial  sup- 
pression, or  just  the  reverse — a very  free  micturition.  The 
bowels  are  more  likely  to  be  constipated  than  free  in  their 
action  ; indeed,  one  case  of  early  phthisis  with  diarrhoea  was 
much  benefited  by  this  treatment. 

Many  of  my  patients  also  mention  pins  and  needles,  or 
little  cramps  in  the  limbs  ; these  come  011  after  the  shivering 
and  before  the  sweating  stage — i.e.,  in  the  period  of  dry  heat. 
The  following  account  taken  from  my  case- book  gives  a very 
clear  idea  of  what  one  may  generally  expect. 

Saturday,  9.30  p.m. — Injection  of  half-tube  of  backerine 
into  the  subcutaneous  tissue  lying  over  the  supraspinous  fossa 
of  the  scapula.  The  patient  went  to  bed  at  10.30  p.m.,  but 
could  not  sleep  at  first,  being  somewhat  excited  at  the  novelty 
of  the  injection,  and  the  hope  of  a cure  (this  was  afterwards 
happily  realized).  At  12.15  a.m.  (Sunday)  the  limbs  began 
to  feel  like  pins  and  needles,  the  point  of  injection  being 
rather  painful ; the  whole  shoulder  and  arm,  from  neck  to 
elbow,  aching  and  feeling  stiff,  and  the  arm  could  only  be 
moved  with  difficulty. 

In  about  a quarter  of  an  hour  shivering  commenced  all  over 
the  body,  till  the  bed  shook  and  the  teeth  chattered.  This 
lasted  about  twenty  minutes.  Shortly  after  the  rigor  had 
ceased,  the  skin  all  over  the  body  seemed  painful  and  cold  to 
the  touch,  though  the  patient  inwardly  felt  warm.  This  was 
said  to  be  an  indescribable  feeling,  which  lasted  from  a quarter 
of  an  hour  to  twenty  minutes,  when  a feeling  of  great  heat 
came  on,  with  profuse  perspiration  and  headache,  the  head 
feeling  like  two.  The  shoulder  became  more  and  more  heavy 
until,  in  the  morning,  the  arm  could  not  be  raised ; an 
odour  was  appreciated  in  the  perspiration,  and  an  unpleasant 
chemical  taste  in  the  mouth.  The  patient  then  went  off  to 
sleep  and  slept  till  seven,  waking  with  a feeling  of  depression, 
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and  with  aching  limbs.  There  was  very  little  appetite  for 
either  breakfast  or  mid-day  dinner.  She  had  no  inclination  to 
get  up,  so  stayed  in  bed  dozing  till  six  in  the  evening.  The 
spot  of  insertion  was  slightly  swollen  in  the  morning,  be- 
coming less  so  in  the  evening,  though  it  then  appeared  rather 
red.  She  got  up  at  six  o’clock,  and  came  to  my  house  at 
seven.  I found  the  shoulder  stiff  and  heavy,  but  the  head- 
ache and  depression  were  quite  gone.  She  looked  a little 
pulled  down,  as  if  after  a dissipated  night.  No  urine  had 
been  passed  during  the  night,  but  a large  quantity  had  been 
passed  since  eleven  in  the  morning,  and  before  coming  to  me. 
The  next  day  (Monday),  after  a good  night,  the  patient  was 
quite  well  again,  only  the  shoulder  still  remained  a little  stiff. 
This  was  a reaction  after  a first  injection  ; succeeding  ones 
are  generally  of  a milder  character. 

The  amount  of  dose  is  the  next  point  which  claims  our 
attention.  Like  all  medicines,  backerine  has  to  be  regulated 
according  to  the  age  of  the  patient,  and  a little  according  to 
weight.  The  cartouche  tubes  are  constructed  to  contain 
c.c.,  but  they  are  seldom  quite  full,  neither  do  we  ever 
inject  the  whole  of  the  contents,  so  that  we  may  say  that  the 
standard  dose  is  1 c.c.,  which  is  estimated  to  contain  on  an 
average  about  2,000,000  saccharomyces  cells.  For  an  adult, 
it  is  our  usual  practice  to  commence  with  half  a tube,  and  if 
this  produces  a marked  reaction,  we  continue  with  the  same 
dose  ; but  if  less  marked,  we  increase  the  dose  to  three-quarters 
of  a tube  for  the  second  injection,  to  the  full  dose  for  the 
third.  There  is  never  any  need  to  administer  a larger  dose 
than  the  contents  of  a cartouche,  always  stopping  short  of  a 
point  just  above  the  place  where  it  becomes  contracted.  In 
the  experiment  made  upon  the  person  of  M.  Bruhat  it  will  be 
remembered  that  6 c.c.  were  administered,  and  that  a good 
deal  of  glandular  discomfort  was  the  result.  The  following 
case  is  illustrative  of  the  effect  of  a big  dose  : I administered 
a full  dose  (rather  more  than  1 c.c.)  to  a dog  weighing  about 


ACTION  AND  THERAPEUTICS  OF  PURE  YEAST  FERMENTS  135 


10  pounds.  It  was  the  second  injection;  the  first,  given  a 
week  previously,  had  not  been  very  successful,  owing  to  the 
struggles  of  the  animal.  The  dog  was  old  (thirteen  years), 
and  showed  signs  of  age  ; she  was  suffering  from  cancer  of  the 
mammae.  There  was  one  large  growth,  the  size  of  a good  big 
walnut,  in  the  lowest  mamma  of  the  right  side,  a lesser  one 
in  the  next  on  the  same  size,  and  two  of  the  same  size  in  the 
corresponding  mammae  of  the  left  side.  The  injection  was 
administered  into  the  subcutaneous  tissue  of  the  abdomen  in 
the  central  line ; it  had  a very  powerful  effect,  and  for 
two  or  three  days  she  was  very  ill,  the  diseased  parts  being 
much  swollen,  and  painful  to  the  touch.  The  hind-legs 
seemed  partially  paralyzed — anyhow,  she  made  no  use  of  them 
in  progression  ; there  was  also  much  thirst,  but  she  appeared 
to  have  a difficulty  in  moving  her  mouth  and  tongue.  At  the 
end  of  the  fourth  day  she  was  much  better  and  more  lively, 
but  did  not  move  about  much,  as  the  hind-quarters  were  still 
weak,  the  legs  being  inclined  to  give  way  and  double  up ; the 
swelling  and  tenderness  had  disappeared,  and  all  four  growths 
were  much  shrunken.  This  dog  had  other  injections  after- 
wards, with  arrest  and  shrinking  of  the  larger  growth  ; the 
smaller  ones  became  hardly  perceptible,  and  from  being  an 
emaciated  bag  of  bones,  as  she  was  before  the  treatment  com- 
menced, she  became  quite  fat,  and  as  frisky  as . became  her 
years.  That  is  eight  months  ago,  and  I hear  that  she  keeps 
well,  though  age  is  telling  much  upon  her.  Now,  this  dose  in 
a dog  of  that  weight  would  correspond  to  one  of  nearly  a fluid 
ounce  in  a man  of  my  own  weight ; but  such  doses  are  not 
necessary,  and  from  the  doses  that  we  advise  we  have  never  seen 
any  harm  result  when  properly  administered.  For  children 
the  following  standards  are  recommended,  it  being  understood 
that  the  first  injection  should  be  but  half  these  quantities  : 
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I have  administered  this  latter  amount  to  a child  aged 
fourteen  months,  suffering  from  tubercular  meningitis  ; but 
although  there  was  reaction,  yet  the  remedy  came  too  late,  and 
death  ensued.  The  observations  made  on  this  case  lead  me  to 
think  that  if  the  treatment  could  be  commenced  when  the 
earlier  symptoms  only  are  present,  such  as  change  of  the  child’s 
character,  purposeless  vomiting,  with  constipation,  hydro- 
cephalic cry,  dislike  to  light  and  noise,  etc.,  the  whole  disease 
might  be  arrested. 

The  frequency  of  the  injections  is  a difficult  point  upon 
which  to  lay  down  rules,  as  the  diseases  differ  as  well  as  the 
individuals  suffering  from  them,  hence  every  case  must  be 
judged  on  its  own  merits.  Experience  alone  can  guide  us 
definitely?  though  the  following  suggestions  will  be  found  to 
be  of  service.  From  the  time  of  the  first  injection  of  half  a 
tube  to  the  second,  a week  should  elapse,  the  same  interval 
being1  observed  between  the  second  and  third.  Should  the 
place  of  insertion  remain  painful  or  swollen,  the  interval  may 
be  widened  out  to  ten  days.  After  the  third  injection,  four 
or  five  more  may  be  given,  with  a week  or  ten  days’  interval 
between  them  ; then,  as  the  system  begins  to  get  the  upper 
hand  of  the  disease  and  shake  it  off,  the  interval  can  be 
gradually  lengthened  to  once  a fortnight,  once  in  three  weeks, 
once  a month,  and  so  on  until  health  is  completely  restored. 
Should  any  intercurrent  acute  attack  supervene,  the  intervals 
should  be  again  contracted. 

A few  clinical  hints  and  instructions  will  be  found  of  use. 
The  needle  is  best  sterilized  by  leaving  it,  after  removal  of  the 
wire,  for  a few  minutes  in  pure  alcohol ; eau  de  Cologne 
answers  the  purpose  admirably,  and  if  this  process  is  repeated 
before  putting  the  needle  back  in  the  case,  the  inside  channel 
will  never  rust.  Before  the  end  of  the  cartouche  is  filed  off,  it 
is  a good  plan  to  push  the  cartouche  well  home  with  the  fingers 
and  thumb  of  the  left  hand  through  the  fenestrations  of  the 
syringe ; by  so  doing  no  broken  glass  can  possibly  be  dis- 
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engaged  after  the  screwing  on  of  the  needle,  when  the  piston 
is  made  to  act.  The  filing  should  be  effected  as  closely  as 
possible  to  the  syringe  ; a few  light  strokes  are  all  that  is 
necessary,  for  if  the  file  just  bites  the  glass  it  can  be  snapped  off 
quite  cleanly,  but  if  the  filing  has  been  too  vigorous  the  narrow 
end  of  the  cartouche  will  fly  off.  This  does  not  matter  in  the 
least,  but  may  be  disconcerting  to  a novice  with  the  syringe. 
In  either  case  there  is  always  a kind  of  spit  more  or  less 
marked  ; this  is  owing  to  the  removal  of  the  pressure  and 
commencement  of  fermentation.  The  needle  should  be  now 
taken  immediately  from  the  alcohol,  waved  or  shaken  in  the 
air  to  get  rid  of  the  alcohol,  and  screwed  on  with  as  little 
delay  as  possible.  The  next  point  to  observe  is  that  all  works 
well  and  smoothly.  1 always  hold  the  syringe  with  the  two 
first  fingers  of  the  right  hand  round  the  crooks,  and  the  head 
of  the  piston-rod  resting  on  the  ball  of  the  thumb  near  the 
insertion  of  the  adductors,  the  needle  pointing  perpendicularly 
up  in  the  air.  By  holding  the  syringe  in  this  way  a powerful 
steady  pressure  can  be  brought  to  bear  in  a direct  line  upon 
the  plug  of  the  cartouche,  and  a little  of  the  fluid  is  allowed 
to  trickle  down  the  needle  ; this  has  the  additional  advantage 

O 

of  washing  away  any  alcohol  that  may  remain,  besides  that  of 
expelling  any  air  from  the  apparatus,  which  is  one  of  the 
objects  aimed  at  in  holding  the  needle  upwards.  The  other 
object  is  that  we  can  see  much  better  what  we  are  about  and 
obviate  a loss  of  fluid  ; for  those  unaccustomed  to  handle  the 
syringe  may  be  surprised  at  first  to  find  the  amount  of  force 
necessary  to  move  the  plug ; sometimes  it  moves  rather 
suddenly  and  with  a squish,  which  means  the  loss  of  most  of 
the  contents  of  the  tube  if  the  syringe  is  held  downwards. 
With  improved  plugs,  and  by  using  only  the  best  English 
glass  of  the  same  calibre  throughout,  this  does  not  now  often 
occur,  but  the  plan  should  be  adopted  nevertheless.  The  use 
of  the  syringe  is  soon  acquired. 

I find  that  the  mode  of  insertion  least  painful  to  the 
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patient  is  to  hold  up  a fold  of  skin,  and,  whilst  retaining  it 
rather  tightly  between  the  finger  and  thumb  of  the  left  hand, 
to  thrust  the  needle  deeply,  at  right  angles  to  the  pinched-up 
portion,  into  the  subcutaneous  tissue.  The  fluid  must  not  he 
injected  too  rapidly,  as  it  causes  some  distension,  but  directly 
the  quantity  intended  has  been  administered,  the  needle  must 
be  very  quickly  withdrawn  in  order  to  prevent  any  fluid 
following  on  in  its  track.  A little  gentle  massage  aids  the 
dispersion  of  the  back^rine.  Some  patients  will  tell  you  that 
they  feel  the  sensation  of  the  fluid  at  once  running  down  to 
their  elbow  or  wrist,  with  a feeling  of  heaviness  in  the  limb. 
The  needle  must  now  be  returned  to  the  alcohol  (a  minim 
measure  is  a capital  receptacle),  whilst  the  cartouche  is  re- 
moved from  the  syringe  and  thrown  away  ; we  never  use  this 
a second  time,  not  even  the  plug ; finally,  the  needle  is 
threaded  with  its  wire  and  everything  returned  to  its  case. 

Although  it  may  seem  to  some,  perhaps,  that  1 have  entered 
into  needless  detail  of  obvious  matter,  to  many  who  have  to  deal 
with  a new  instrument  and  new  idea  these  little  details  are  of 
importance  in  making  them  feel  at  home  with  them,  and  not 
likely  to  be  put  out  by  any  little  contretemps  that  may  arise. 

I have  seen  blunders  of  injection  committed  from  too  great 
timidity,  the  skin  being  transfixed  at  a too  acute  angle,  the 
subcutaneous  tissue  being  scarcely  reached  ; this  gives  great 
pain  to  the  patient  from  the  stretching  of  the  layers  of  the 
true  skin.  I have  also  seen  a blunder  from  too  great  boldness, 
the  depth  of  the  puncture  only  being  terminated  by  the  point 
of  the  needle  impinging  on  a bone  to  the  detriment  of  the 
former.  Blunders  also  connected  with  the  cartouche,  one 
of  which  occurred  in  De  Backer’s  practice,  will  be  related 
presently.  There  is  one  hint  connected  with  the  cartouche 
that  should  be  remembered,  which  is  to  see  that  the  little 
piece  of  drainage-tube  is  always  on  the  nanow  end,  othei- 
wise  it  will  smash  in  the . syringe  directly  the  pressure  of 
the  piston  is  exerted. 
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There  are  yet  a few  points  to  mention.  We  sometimes 
see  at  the  point  of  injection  a red  tumefaction,  painful  and 
hot — that  is,  with  all  four  classical  symptoms  of  inflammation. 
We  may  think  even  that  there  is  fluctuation,  but  let  us  not 
persuade  ourselves  that  it  is  an  abscess  which  has  formed,  and 
so  put  a knife  into  it,  for  the  probability  is  that  it  is  nothing 
more  than  a local  leucocytosis,  gentle  rubbing  with  warm 
camphorated  oil  being  all  that  is  needed.  In  subsequent 
injections  to  the  first,  physicians  will  meet  with  the  curious 
fact  that  sometimes  the  spots  of  previous  inoculations  will 
become  tender  again  ; so  also  will  spots  into  which  other 
injections  (morphia,  strychnia,  mercury,  etc.,)  have  been 
made.  Of  course,  abscesses  may  occur  when  asejjtic  pre- 
cautions are  not  observed.  The  following  is  the  case  of  an 
abscess  arising  from  excessive  care,  without  due  grasp  of  the 
principles  of  the  treatment.  De  Backer  relates  the  story  that 
a physician  becoming  acquainted  with  backerine  for  the  first 
time,  and  beiim  habituated  to  the  clear  fluid  of  antitoxins,  was 
under  the  impression  that  the  sediment  in  the  cartouche 
should  be  dissolved,  and,  as  shaking  did  not  render  the  fluid 
limpid,  he  conceived  the  idea  of  dissolving  this  seeming  pre- 
cipitate by  heating  the  tube  in  a water-bath.  This  of  course 
killed  the  cells  then  and  there,  but  the  liquid  did  not  become 
clear,  yet,  having  done  his  best  conscientiously,  he  injected 
this  quantity  of  dead  cells,  which  really  did  produce  an 
abscess.  If  an  abscess  should  form  in  consequence  of  the 
injection  of  the  contents  of  any  of  the  tubes  sent  out  from  the 
laboratory,  it  will  probably  be  due  to  want  of  proper  care  and 
aseptic  precautions  011  the  part  of  the  operator,  and  in  spite  of 
the  saccharomyces  cells.  It  is  a good  plan  to  cleanse  the  skin 
in  many  patients  over  the  region  of  intended  puncture  either 
with  eau  de  Cologne  or  aether,  which  is  also  said  to  mitigate 
or  abolish  any  pain  that  might  arise  in  the  inoculation. 

Patients  often  want  to  know  when  they  may  expect 
reaction.  Rigors  or  simple  chilliness  may  occur  any  time  from 
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two  to  five  hours  after  an  injection,  the  interval  decreasing 
generally  after  the  first  injection.  Some  patients  experience 
a peculiar  secondary  reaction  from  three  to  ten  days  after  an 
inoculation.  Perhaps  the  first  thing  we  can  notice  is  an 
increase  in  the  tension  of  the  pulse,  which  will  even  show 
itself  before  the  backerine  voice  and  exalted  talk  commences. 
This  high  tension  is  a point  that  often  demands  a considerable 
amount  of  skill  and  judgment  in  the  administration  of  backerine 
to  patients  of  advanced  ages,  in  whom  the  arteries  are  hard 
and  tortuous.  I am  inclined  to  think  that  the  paralysis  of 
the  hind-limbs,  etc.,  of  the  dog  mentioned  on  p.  135  might 
have  been  due  to  the  effect  of  the  backerine  upon  the  vessels 
of  the  brain  ; nevertheless  I have  administered  it  in  a case  of 
a patient  who  had  had  already  two  attacks  of  hemiplegia 
without  any  bad  effects  whatever  ; on  the  contrary,  a cure  of 
the  disease  (diabetes). 

The  after-treatment  of  an  inoculation  should  be  conducted 
on  general  principles,  the  rigor  treated  by  hot  bottles  and 
extra  clothes,  the  perspirations  by  sponging  and  then  drying 
the  body  by  light  hand-rubbing  over  a warm  towel.  Any 
demulcent  drink  may  be  given  during  the  consequent  thirst, 
and  for  the  depression  and  bad  taste  in  the  mouth  a little 
weak  brandy  and  soda-water  is  very  grateful  to  the  patient. 
It  is  well  that  cold  should  be  carefully  guarded  against  for 
a day  or  two  after  the  injection. 

From  considerations  of  the  physiological  action  of  the 
products  and  constituents  of  yeast  cells,  which  explain  the 
phenomena  that  accompany  their  introduction  into  the  human 
body,  with  due  consideration  also  to  the  best  means  of  intro- 
ducing them  and  of  dealing  with  the  phenomena  produced,  we 
now  proceed  to  the  exposition  of  those  diseases  in  which  we 
might  reasonably  expect  the  treatment  by  pure  ferments  to  be 
of  service.  The  results  we  have  obtained  will  be  described,  as 
far  as  space  will  allow,  under  their  various  headings,  but  many 
will  have  to  remain  for  future  works  dealing  with  each  disease 
eparately. 
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These  diseases  fall  into  two  divisions  : those  due  to  bacterial 
pathogenic  fermentations  and  those  due  to  disturbance  of  the 
glycogenic  functions,  though  I do  not  mean  by  this  to  deny 
that  these  may  not  also  be  due  to  bacteria  ; indeed,  I think  we 
shall  eventually  find  that  it  is  so. 


Puerperal  Fever. 
Septicaemia. 
Pneumonia. 
Malaria. 


Division  I.,  Class  A. 

Diseases  due  to  recognised  bacteria  : 

1.  Tuberculosis.  5. 

2.  Diphtheria.  G. 

3.  Ulcerative  Endocarditis.  7. 

4.  Typhoid  Fever.  8. 

The  latter  not  being  due,  however,  to  bacteria  strictly  speak- 
ing, but  to  exceedingly  minute  endozoa.  To  the  above  list 
we  shall  have  to  add  yellow  fever  (Sanarelli)  and  rheumatic 
fever  (Achalme),  owing  to  recent  discoveries,  and  before  long 
no  doubt  cerebro-spinal  meningitis  and  others  will  have  to  be 
added  to  the  list. 

Class  B. 


The  ferment  has  not  been  isolated,  or  has  not  yet  been 
universally  recognised. 

1.  The  Exanthemata. 

2.  Whooping-cough. 

3.  Syphilis. 

Some  readers  will  doubtless  be  inclined  to  quarrel  witli  me  for 
putting  syphilis  in  this  class,  being  believers  in  the  vibrio  or 
bacillus  of  Lustgarten  ; but  as  this  bacillus  has  never  yet  been 
cultivated  or  grown  in  any  media  outside  the  body,  eminent 
authorities  state  that  its  existence  is  problematical.  Experts 
further  tell  me  that  they  can  produce  such  appearances  as  the 
vibrio  described,  by  manipulation  with  the  dyes  in  healthy 
tissues. 

Division  II. 

Diseases  due  to  disturbance  of  the  glycogenic  functions  : 

1.  Furunculosis. 

2.  Diabetes. 

3.  Cancer. 


CHAPTER  VIII. 

DIVISION  I.,  CLASS  A. TUBERCULOSIS. 

This  disease,  though  essentially  bacillary  in  its  cause,  the 
particular  bacillus  being  well  known,  differs  so  much  from  all 
others  of  the  same  class  and  division  that  it  deserves  a special 
chapter  to  itself.  Truly  indeed  does  Professor  Charles  Richet 
say,  in  his  address  to  the  British  Medical  Association  at 
Montreal,  that  works  on  tuberculosis  written  fifteen  or  twenty 
years  ago  belong  to  another  age,  appertaining  no  longer  to 
medicine,  but  only  to  its  history.  I have  before  me  a 
standard  work  on  medicine,  with  the  published  date  of  1886, 
in  which  the  following  statement  is  made:  ‘We  must  con- 
clude that  the  infectious  virus  which  excites  the  tuberculosis 
is  not  introduced  from  without,  but  is  generated  by  the 
animal  itself,  and  that,  given  the  diathesis,  any  kind  of  in- 
flammation, set  up  in  any  way,  may  call  forth  tuberculosis.' 
Only  eleven  years  have  passed,  and  yet  it  seems  to  us  now 
utterly  incredible  that  such  statements  could  ever  have  been 
made,  yet  it  represents  very  fairly  the  opinions  then  held. 
This  article  indeed  belongs  to  another  age,  although  the 
author  appears  to  have  a slight  glimpse  into  the  future,  as  he 
remarks  farther  on  : ‘ Some  have  suspected  that  infective 
particles  may  be  inhaled  by  the  lungs.’  Finally,  the  author 
mentions  casually  in  the  concluding  paragraph  that  ‘ more 
recently  Koch  has  announced  the  discovery  by  him  of  a 
specific  tubercular  organism  in  tuberculous  structures,  and 
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in  the  sputa  of  phthisis.’  Yes,  indeed,  it  is  to  the 
laborious  researches  by  Robert  Koch  that  we  owe  the  dis- 
covery of  what  these  ‘ infective  particles  ’ really  are,  what  is 
their  life-history,  and  how  the  terrible  effects  of  their  sojourn 
within  the  human  body  are  produced. 

In  this  chapter  all  subjects  of  controversy  will  be  avoided 
as  much  as  possible  ; only  what  is  known  and  what  is  generally 
now  accepted  will  be  stated,  with  that  which  particularly  bears 
upon  the  object  of  this  volume. 

Tuberculosis,  whether  general  and  acute  or  local  and 
chronic,  is  a true  zymotic  disease  produced  by  the  rapid  or 
slow  fermentation  (as  the  case  may  be)  of  a formed  ferment, 
which  is  the  particular  bacillus  discovered  and  differentiated 
by  Robert  Koch  in  1882,  and  is  generally  known  by  the 
name  of  the  discoverer,  who  did  not,  however,  publish  a full 
account  of  it  until  the  year  1884  ; it  is  a true  bacillus,  but  is 
very  minute,  varying,  when  examined  in  fresh  sputum,  from 
2 '5  to  4 /n  long,  with  a general  thickness  of  about  '2  or  -3  /<. 
being  therefore  very  short  and  slender  ; it  is  non-motile  and 
grows  best  at  the  normal  temperature  of  the  body.  For  a 
long  time  it  was  found  to  be  difficult  of  culture,  but  at  the 
temperature  named  it  will  grow  very  well,  though  slowly,  on 
blood  serum,  more  rapidly  on  glycerine  agar,  also  on  potato 
and  other  vegetables,  the  great  point  being  not  to  have  the 
layer  of  medium  too  thick.  The  author  lias  found  a thin 
slice  of  potato  dipped  in  hot  bouillon  and  allowed  to  get  cold 
to  be  a very  good  medium  of  culture.  This  bacillus  is  by  no 
means  easy  to  stain  by  ordinary  methods,  but  it  can  be  very 
well  accomplished  by  using  the  Ziehl-Nielsen  double  stain  or 
its  modification  by  Fraenkel,  which  is  much  more  expeditious 
and  gives  beautiful  results  ; it  is  the  one  invariably  used  now 
in  the  author’s  laboratory. 

Koch’s  bacillus  possesses  very  great  powers  of  resistance, 
especially  when  dry,  and  it  is  owing  to  this  resistance  that  its 
ravages  are  so  great,  yet  a temperature  of  70°  C.  is  always 


M4  FERMENT  TREATMENT  OF  CANCER  AND  TUBERCULOSIS 

fatal  to  these  bacilli  if  young,  but  when  old  and  sporulated 
they  require  either  a long  exposure  to  this  heat  or  a greater 
temperature  still  before  they  are  rendered  inert.  In  so  small 
and  slender  a bacillus,  sporulation  is  not  always  easy  to 
detect,  yet  with  careful  staining  we  can  see  the  protoplasm 
cockle  itself  up  into  several  particles  within  its  containing 
envelope,  these  particles  being  much  more  highly  stained  than 
the  rest,  and  it  is  certain  that  when  the  bacilli  are  in  this 
state  they  are  much  more  resistant  to  adverse  influences  than 
when  the  protoplasm  appears  to  be  homogeneous.  When 
moist,  these  bacilli  cannot  resist  the  action  of  direct  sunlight ; 
even  the  ordinary  diffused  daylight  of  the  laboratory  will 
kill  them  in  a few  days  ; the  less  the  sunlight,  the  longer 
their  endurance,  especially  when  sporulated  ; the  drier  they 
are  the  more  resistant  they  are  also ; hence  we  can  easily 
conceive  the  mischief  that  must  ensue  from  the  filthy  habit 
of  constant  expectoration  so  freely  indulged  in  by  the  lower 
orders,  in  houses  and  in  public  places  also,  a notable  example 
of  which  is  an  ordinary  third-class  smoking  compartment, 
where  the  dried  sputa  are  kicked  into  the  air  by  the  feet  of 
many.  This,  indeed,  is  a potent  factor  in  the  cause  of  the 
spread  of  phthisis  in  large  towns,  more  especially  in  winter, 
when  the  hours  of  possible  sunlight  are  very  few,  the  very 
sunlight  that  we  do  get  being  robbed  of  most  of  its  actinic 
rays  in  its  passage  through  horizontal  layers  of  fog  and 
heavily  laden  atmosphere. 

Dried  sputum  will  retain  its  virulence  unimpaired  for 
months,  which  can  be  easily  understood  when  it  is  con- 
sidered that  many  of  the  tubercle  bacilli  are  enclosed 
in  a tenacious  lump,  so  that  those  in  the  interior  never  get 
exposed  to  malign  influences  until  those  outside  have 
perished  and  fallen  away,  together  with  the  substance  that 
held  them  together.  They  probably  do  not  increase  and 
multiply  outside  the  animal  body,  because  the  conditions 
favourable  or  necessary  to  their  growth  are  somewhat 
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numerous,  and  not  likely  to  be  found  all  together  at  one  time 
nor  in  one  place. 

Carbolic  acid,  mercuric  perchloride,  and  formalin  very 
quickly  destroy  them,  but  gastric  juice  does  not  kill  them  nor 
does  a temperature  of  — 3°  C.,  though  they  do  not  grow  in  that 
temperature,  but  merely  exist  resistantly. 

The  means  by  which  the  tubercle  bacillus  can  invade  the 
human  system  are  : 

1.  Direct  inoculation. 

2.  Inhalation. 

3.  Ingestion. 

4.  By  the  genito-urinary  tract. 

1.  The  First  Method  — that  by  Direct  Inoculation — is 
certainly  one  of  the  rarest  forms  of  invasion  in  mankind, 
although  it  is  the  form  chiefly  made  use  of  in  experimental 
tuberculosis ; yet  it  can  and  does  occur  : an  instance  in  point 
is  quoted  in  Green’s  ‘Pathology’  (p.  397),  and  that  it  can 
also  occur  from  post-mortem  wounds  I know  full  well,  from 
an  accident  that  happened  to  one  of  my  friends  who  received 
a scratch  whilst  conducting  a post-mortem  upon  a guinea-pig 
that  had  been  artificially  rendered  tuberculous.  Fortunately, 
being  of  splendid  physique  and  constitution,  the  evil  effects 
upon  him  were  entirely  local.  A further  case  may  be 
cited  which  was  brought  before  the  ITarveian  Society  on 
October  21,  1897,  by  Mr.  Bulleid.  This  was  a tumour  in 
the  axilla,  which  on  removal  turned  out  to  be  tuberculous, 
originating  from  a wound  in  the  elbow  some  six  years  pre- 
viously. For  another  reported  case,  the  reader  is  referred  to 
one  by  Professor  Oscar  Liebreich,  Lancet , October  2,  1897. 

It  is  quite  impossible  for  the  bacillus,  non-motile  as  it  is, 
to  penetrate  the  sound  skin,  nor  even  the  uninjured  and  intact 
mucous  membrane  ; and  there  can  be  little  doubt  that  children, 
who  are  always  rolling  and  tumbling  about,  and  who  are 
never  so  happy  as  when  playing  with  dirt,  frequently  get 
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portions  of  their  skin  abraded,  and  upon  these  abrasions  the 
tubercle  bacillus  falls  or  may  get  rubbed  in,  this  very  bacillus 
perhaps  having  been  shortly  before  expectorated  from  some 
person's  lung,  to  find  here  a lodgment  and  new  home.  How 
often  do  we  not  see  the  neck  in  children  and  young  women  to 
be  the  seat  of  glandular  enlargements.  Now,  the  skin  of  the 
neck  is  exceedingly  thin,  and  yet  custom  has  it  that  in  these 
two  classes  of  people  the  neck  should  be  one  of  the  most 
exposed  regions  of  the  body.  Enlarged,  that  is,  infected, 
glands  are  far  more  often  seen  in  those  children  whose  sur- 
roundings are  limited  in  their  extent  only,  but  not  limited  in 
their  dirt  and  insanitary  conditions  generally.  These  are  not 
the  children  who  are  hurried  off  to  have  their  faces  and  hands 
washed  as  soon  as  they  come  home ; the  poor  have  little 
chance  of  cleanliness,  for  fuel  is  expensive,  too  expensive, 
indeed,  to  be  used  for  the  purpose  of  heating  water  merely  for 
washing,  a process  which  they  have  never  been  taught  to 
consider  a necessity  to  health,  hence  the  cold  water  on  a cold 
day  is  rigorously  shunned. 

I do  not  wish  for  a moment  to  throw  any  blame  on  the 
poor,  for  no  one  enjoys  the  luxury  of  a bathe  in  the  Serpentine 
more  than  do  the  Arabs  of  the  streets  ; but  I blame  those  who 
impair  their  budding  intellects  by  cramming  them  with  too 
much  predigested  mental  pap,  whilst  neglecting  the  hygiene 
of  the  body  and  leaving  the  unfortunate  children  to  find  out 
for  themselves  the  grand  laws  of  Nature  as  best  they  can — 
and  what  this  best  is  the  history  of  tubercle  can  show. 

The  infected  glands  are  the  police  cells  of  the  body.  One 
will  often  hold  the  malefactor  in  its  cells  for  years,  when, 
perhaps  from  some  defect  of  nutrition,  the  gland  loses  its  power 
and  the  bacillus,  finding  its  opportunity,  escapes  from  its  prison 
and  revenges  itself  by  more  or  less  speedily  contaminating  the 
whole  body.  Can  we  not  all  recall  some  cases  of  consumption 
in  which  the  history  is  of  enlarged  glands  in  childhood  ? The 
gland,  when  no  longer  able  to  hold  its  prisoner  in  check, 
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tries  to  get  rid  of  him  by  external  suppuration,  and  this  plan 
of  Nature  to  disembarrass  the  system  of  a dangerous  inmate 
has  been  recognised  and  improved  upon  by  the  enterprising 
surgeons  of  the  Itoyal  Sea-Bathing  Infirmary  at  Margate,  who 
practise  and  recommend  the  early  removal  ot  invaded  glands. 

We  have  mentioned  the  resistance  possessed  by  this  par- 
ticular bacillus,  and  its  slow  growth  on  media ; so  also  in 
diseases  produced  by  its  presence  we  find  the  same  slow 
growth  (except  rarely),  a fixed  determination  to  succeed, 
biding  its  time  when  vigorously  attacked,  renewing  its  activity 
the  moment  the  chance  arrives,  all  with  inexorable  patience. 
It  may  be  asked,  after  what  has  been  stated  in  former  chapters 
concerning  the  natural  defenders  of  the  body,  Why  are  the 
bacilli  not  destroyed  by  the  lymph  corpuscles  in  the  glands  ? 
The  answer  is  that,  according  to  Metschnikoff,  the  new  small 
lymphocytes  possess  no  phagocytic  powers,  and  that  they  do 
not  acquire  this  power  until  some  time  after  they  have  passed 
out  of  the  gland  and  have  become  fully  grown.  In  their 
infancy  or  early  stage  they  probably  have  no  power  of  secreting 
alexins  either,  and  so  their  action  against  the  bacillus  or  its 
toxins  is  nil.  As  regards  the  larger  cells  that  come  to  the 
glands  and  those  that  were  already  there  at  the  time  of 
invasion,  the  probability  is  that  the  latter  are  actively  engaged 
in  breeding,  and  that  the  former  come  to  the  gland  for  that 
purpose,  so  that  the  most  they  can  do,  if  they  cannot  kill  their 
enemy,  is  to  keep  him  safely  locked  up,  and  so  prevent  any 
entry  into  the  efferent  vessel  of  the  gland.  How  they  do  this 
will  be  explained  later  on.  By  abrasion  we  may  get  that 
form  of  tuberculosis  of  the  skin  known  as  lupus  vulgaris, 
which  also  affects  the  more  exposed  parts,  such  as  the  face. 
Without  going  into  any  controversy  upon  the  subject,  we  may 
safely  say  that  the  balance  of  evidence  is  in  favour  of  the 
tubercular  nature  of  the  disease.  We  never  get  lupus  without 
being  able  to  find  Koch’s  bacillus  somewhere  in  the  diseased 
tissues,  though  I grant  that  it  is  often  exceedingly  difficult  to 
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detect.  It  therefore  behoves  us  to  look  a little  closely  into 
the  conditions  in  which  Koch’s  bacillus  exists  in  lupus,  when  we 
shall  see  that  although  it  is  living  in  an  aerobic  state,  yet  it  is 
subjected  to  a temperature  considerably  less  than  that  of  its 
predilection ; hence  the  failure  to  produce  lupus  by  direct  in- 
oculation with  cultures  or  tuberculous  tissues  may  be  very 
probably  due  to  these  conditions  not  having  been  sufficiently 
recognised.  In  order  to  gain  a possible  result,  it  would  be 
first  necessary  to  cultivate  the  tubercle  bacillus  under  the 
same  conditions  as  obtain  in  lupus,  and  even  in  a temperature 
rather  lower  than  that  of  the  face  if  possible.  These  con- 
ditions being  fulfilled,  all  that  remains  is  to  inoculate  the  skin 
of  the  face  of  a human  being.  I11  England  such  an  experi- 
ment would  be  hardly  possible,  hut  the  suggestion  is  offered 
to  the  followers  of  Kaposi,  who  deny  that  lupus  is  a form  of 
tuberculosis. 

2.  The  Second  Method  : the  Invasion  by  Inhalation. — That 
the  bacillus  of  tubercle  is  admitted  into  the  body  by  means  of 
inhalation  has  been  abundantly  and  completely  proved  by 
experiments  upon  animals.  It  is  the  mode  by  which  the 
majority  of  mankind  are  infected  in  early  adult  life. 

What  has  been  just  now  said  of  the  skin  applies  equally 
well  to  the  mucous  membrane,  that  when  sound  it  is  perfectly 
impossible  for  it  to  be  perforated  by  the  non-motile  tubercle 
bacillus.  Unfortunately,  however,  in  these  days  of  manu- 
facture, the  air  is  loaded  with  sharp  dust  of  all  kinds,  which 
irritates  the  mucous  membrane,  abrades  it,  and  leaves  it 
exposed  to  the  attacks  of  the  bacillus,  which,  when  this  is  in  a 
state  of  virulence,  attains  the  abraded  spot.  This  should  seldom 
be  possible  in  the  lungs,  for  Nature  has  provided  a catch-pit 
and  filter  by  means  of  the  nostrils  and  nasal  fossae.  In  normal 
breathing  the  air  is  drawn  equally  through  each  nostril,  in 
which  the  larger  particles  entering  with  the  current  are 
screened  off  by  the  hairs  arranged  for  that  particular  purpose. 
Those  particles  which  are  finer,  and  have  so  managed  to  pass 
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through  the  filter,  find  themselves  within  the  nasal  fossae, 
where  they  are  exposed  to  the  action  of  the  mucus  secreted 
there.  Now,  this  mucus  has  been  proved  by  Messrs.  Wlirtz 
and  Lermoyez  to  be  very  distinctly  bactericidal,  so  much  so 
that  bacteria  which  get  through  without  being  destroyed  are 
rendered  so  feeble  that  they  are  expelled  by  sneezing  or 
coughing  before  they  can  possibly  effect  a lodgment. 

Now,  we  know  that  the  function  of  a part  is  impaired  or 
lost  by  disuse ; hence  young  people,  who  habitually  breathe 
through  their  mouths  from  the  presence  of  adenoids,  etc.,  do 
not  secrete  this  bactericidal  mucus  ; wherefore  the  pharynx 
in  such  cases  is  no  longer  protected  by  the  overflow  of  this 
bactericidal  mucus,  as  is  normally  the  case,  but  receives  the 
air  impinging  upon  its  unprotected  surface  at  whatever 
temperature  the  atmosphere  may  chance  to  be,  and  laden,  it 
may  be,  with  impurities  of  all  sorts.  Can  we,  then,  wonder 
that  phthisis  is  so  common  in  young  adults  ? But  why  do 
they  keep  their  mouths  open  ? Take  a glance  at  the  faces  of 
the  phthisical,  note  the  pinched  nostrils,  the  high  cheek- 
bones, the  prominent  teeth,  and  draw  conclusions.  Let  us 
look  into  their  ears  and  see  the  retracted  membrana  tympani. 
Let  us  look  up  their  nostrils  and  see  the  projecting  inferior 
turbinated  bones  or  curved  and  thickened  septum.  Let  us 
pass  our  fingers  behind  the  velum  palati  and  find  the  adenoid 
growths  there.  I do  not  say  that  every  phthisical  patient 
presents  all  these  symptoms,  but  nearly  all  manifest  some  of 
them. 

Such  conditions  give  rise  to  continual  coryzas,  sore 
throats,  and  constant  attacks  of  bronchitis,  which  keep  the 
mucous  membrane  of  the  lower  air-passages  in  a state  of 
chronic  irritation;  it  follows,  then,  that  by  this  increased  vascu- 
larity thus  engendered  the  system  is  more  open  to  attack. 

Another  cause  of  infection  by  inhalation  is  by  particles  of 
the  straw  which  is  laid  down  in  our  streets  to  deaden  noise  ; 
this  becomes  quickly  contaminated  by  germs  of  all  kinds,  is 
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ground  small,  so  that  particles  are  wafted,  with  deadly  germs 
clinging  to  them,  by  the  eddying  air,  to  find  a home  in  some 
poor  unfortunate  animal,  human  or  otherwise.  There  are 
other  predisposing  causes  to  infection  by  inhalation  ; we 
would  call  attention  to  the  fact,  now  well  known,  that 
phthisis  is  much  more  common  in  certain  districts  and  in 
certain  occupations  than  in  others,  the  one  sometimes 
depending  on  the  other,  for  it  frequently  happens  that  certain 
trades  congregate  round  certain  localities,  such  as  cutlery  at 
Sheffield.  Now,  in  the  trades  of  knife-grinding,  needle-grind- 
ing, stone-masonry,  colliery  work,  etc.,  particles  of  exceedingly 
irritating  dust  are  constantly  being  inhaled,  leading  to  minute 
woundings  or  abrasions  of  the  air-passages  and  lungs  ; even 
particles  of  cotton,  clay,  straw,  or  flax,  may  produce  the  same 
result,  the  effect  being  that  the  tubercle  bacillus  can  make  a 
lodgment  on  a freshly  abraded  surface,  and  so  obtain  a foot- 
hold. A somewhat  similar  condition  may  be  produced  by  the 
excessive  cell  proliferation  and  denudation  of  the  mucous 
membrane  provoked  by  such  diseases  as  measles,  diphtheria, 
and  scarlet  and  typhoid  fevers. 

Whatever  may  have  been  the  predisposing  cause,  the  line 
of  infection  follows  the  course  of  the  lymphatics,  causing  a 
local  lymphangitis,  which,  if  followed  by  an  abundant  leuco- 
cytosis,  may  even  then  arrest  the  bacillus  in  its  attack  ; if  not, 
the  bacillus  pursues  its  way  along  the  lymphatics.  We  know 
how  these  lymphatics  are  in  relation  with  the  serous  mem- 
branes : that  those  of  the  naso-pharynx  are  intimately  con- 
nected with  the  meninges  of  the  brain  by  the  perivascular 
lymphatics  ; that  those  around  the  trachea  are  in  connection 
with  the  upper  cul-de-sac  of  the  pleura,  which  explains  the 
reason  of  the  frequent  occurrence  of  tubercular  meningitis  in 
infants,  and  why  the  base  of  the  brain  and  apices  of  the  lung 
are  attacked  in  young  adults  in  whom  the  lymphatic  system 
is  much  developed.  If,  however,  the  infection  has  been  due 
to  direct  inhalation  into  the  lung  itself,  and  not  by  means  of 
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the  lymphatics,  the  result  is  somewhat  different,  for  the  apices 
in  this  case  are  not  more  affected  than  other  parts  of  the 
lung.  Especially  is  this  so  in  the  bacillary  broncho-pneumonia 
of  early  childhood. 

In  this  form  of  infection  by  direct  inhalation,  tubercles  are 
formed  in  the  lungs  themselves,  which  become  still  further 
affected  by  particles  of  tuberculous  matter  falling  or  being 
drawn  into  the  infundibula  of  the  lower  part  of  the  lung, 
instead  of  being  expelled  with  the  sputa.  In  a healthy  mucous 
membrane  the  cilia  soon  get  rid  of  tubercle  bacilli  which  may 
have  accidentally  intruded,  so  no  harm  results  ; but  in  cases 
in  which  the  cilia  are  wearied  and  overtaxed  by  constant 
irritating  particles,  which  sometimes  even  tear  them  from  their 
cells  by  their  roughness,  they  either  no  longer  attempt  to 
cope  with  the  bacillus,  or  the  bacilli  may  drop  into  the  place 
left  raw  by  the  wrenching  away  of  the  cilia.  In  regard  to 
tubercular  laryngitis,  the  probability  is  that  it  is  due,  not  to 
direct  inhalation  of  the  bacillus,  but  from  the  resting  upon 
the  larynx  (already  irritated  by  the  various  modes  mentioned) 
of  sputa  which  are  loaded  with  tubercle  bacilli  in  a state  of 
virulence  from  an  already  infected  lung,  even  though  there  may 
be  no  stethoscopic  signs  to  reveal  its  presence.  Probably, 
therefore,  tubercular  laryngitis  is  never  primary. 

From  the  foregoing  remarks  upon  inhalation,  it  may  be 
seen  how  exceedingly  necessary  it  is  to  attend  to  the  freedom 
of  the  naso-pharynx  in  children  and  to  the  personal  hygiene 
of  those  passages  in  any  adults  who  are  in  any  way  exposed 
to  phthisis. 

3.  Infection  by  Ingestion. — That  this  may  occur  can 
very  easily  be  proved  by  experiments  with  guinea-pigs ; 
indeed,  some  of  those  that  had  been  used  in  the  laboratory 
in  Paris,  to  ascertain  the  effects  of  pure  yeasts  as  remedial 
agents,  were  rendered  tuberculous  by  mixing  with  their  food 
both  pure  cultures  of  the  bacillus  and  sputa  from  well-marked 
cases  of  human  tuberculosis.  Ingestion  is  a very  frequent 
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form  of  infection  amongst  children,  whose  diet  so  largely  con- 
sists of  milk,  and  it  is  a terrible  thing  to  contemplate  that 
such  an  enormous  number  of  milch  cows  have  recently  been 
found  to  be  suffering  from  tuberculosis,  as  it  is  from  tuber- 
culous disease  of  the  udder  infecting  the  milk  that  tubercle 
is  conveyed  from  the  bovine  tribes  to  man.  Fortunately 
these  animals  do  not  cough  and  expectorate  sputa  laden 
with  bacilli. 

Tubercle  is  very  seldom,  or  never,  communicated  to  man 
by  means  of  the  meat  of  tuberculous  animals,  the  bacillus 
being  killed  and  destroyed  by  the  heat  used  in  cooking,  even 
should  it  be  present  in  the  muscles  of  the  animal,  a pheno- 
menon hardly  ever  seen  ; therefore  boiling  the  milk  is  a safe 
way  of  destroying  the  vitality  of  the  microbe.  Children, 
however,  do  not,  as  a rule,  care  for  the  flavour  of  milk  that 
has  been  boiled,  hence  this  valuable  precaution  is  often 
omitted  by  indulgent  parents  and  nurses.  This  objection 
may  be  entirely  obviated  by  sterilizing  the  milk  in  a very 
effective  and  cheap  sterilizer  made  by  Down  Brothers,  which 
retains  all  the  flavour  of  the  milk. 

The  stomach  is  a first-rate  protector,  even  in  cases  in  which 
tuberculous  milk  has  been  ingested,  for  it  destroys  most  of  the 
bacilli  (though  probably  not  the  spores) ; those  escaping,  not 
being  in  a very  vigorous  state,  are  hurried  through  the 
intestinal  canal  before  they  have  had  time,  or  have  acquired 
power,  to  effect  penetration.  We  may  also  remark  that  the 
tubercle  bacillus  is  one  of  the  aerobic  kind,  requiring  free 
oxygen  for  its  development.  Now,  the  intestines  are  a locality 
where  this  is  very  unlikely  to  be  met  with.  In  food,  how- 
ever, and  in  the  extraordinary  things  that  children  put  into 
their  mouths  and  swallow,  there  are  found  many  substances 
likely  to  scratch  or  injure  the  mucosa ; and  when  I say 
‘ scratch,’  I mean  a microscopic  scratch,  in  which  a microscopic 
being  may  drop,  and  either  effect  penetration  by  the  suction 
action  of  the  lacteals,  or  may  be  seized  upon  by  the  nearest 
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leucocyte,  and  so  introduced  into  the  system.  Luckdy,  it  fai 
more  often  happens  that  where  the  scratch  has  been  made, 
no  bacillus  has  passed  until  healing-over  has  taken  place. 
When,  however,  penetration  has  been  effected,  the  same  pro- 
cess occurs  as  we  have  described  before,  in  speaking  of  other 
forms  of  invasion.  A local  leucocytosis  may  save  the  patient, 
in  which  case  the  temporary  malady  may  never  be  diagnosed, 
and  I imagine  that  many  stomachic  disorders  of  children  may 
be  due  to  this  cause.  If  this  saving  leucocytosis  is  absent  or 
insufficient,  and  the  leucocytes  get  conquered  in  the  struggle, 
then  the  bacilli  are  taken  to  the  nearest  gland,  as  a rule,  but 
not  always,  owing  to  the  peculiar  arrangement  of  the 
lymphatics.  Arrived  at  the  gland,  they  are  held  by  that  gland 
for  weeks,  months,  perhaps  for  years — sometimes,  indeed,  for 
ever — the  gland  or  that  part  of  it  which  is  affected  undergoing 
certain  changes  which  will  be  described  later  on. 

I should  here  mention  that  the  denudation  of  the  mucosa 
over  and  around  Peyer’s  patches  from  the  action  of  typhoid 
fever  sometimes  paves  the  way  for  the  invasion  of  the 
tubercle  bacillus,  and  I am  inclined  to  think,  from  cases  that 
1 have  observed,  that  typhoid  patients  should  never  be  fed 
upon  milk  (the  staple  food)  until  previously  sterilized,  and 
that  this  should  be  carried  on  well  into  convalescence. 

Finally,  there  is  infection  by  the  ingestion  of  sputa  that 
are  swallowed  by  phthisical  patients  ; the  lesions  in  this 
case  are  definitely  new  primary  infections,  and  are  not  by 
interior  conveyance,  but  by  very  unnecessary  auto-infection. 
This  is  especially  seen  in  the  tuberculous  insane,  who  have 
not  the  sense  to  expectorate  ; accordingly,  it  is  thus  that 
we  find  a much  larger  proportion  of  extensive  intestinal 
tuberculous  lesions  in  the  pulmonary  consumption  of  the 
insane,  as  has  been  pointed  out  by  Mosler.  I am  not  forget- 
ting that  Woodhead  has  clearly  demonstrated  that  in  many 
cases  the  intestinal  lesion  is  really  the  primary  one,  though 
the  pulmonary  lesion  may  be  the  cause  of  death.  The  two 
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can  be  distinguished,  and  the  latter  happens  when,  as  I men- 
tioned just  now,  the  invading  bacillus  is  not  taken  to  the 
nearest  gland,  but  to  one  of  those  at  the  root  of  the  lung,  or, 
at  least,  one  that  is  connected  with  it. 

4.  Invasion  through  the  Genito-Urinary  Passages  : This 
has  been  clinically  observed,  and  cases  are  rarely  reported  in 
the  medical  journals  ; but  it  is  decidedly  uncommon,  and  does 
not  merit  that  in  this  work  we  should  give  it  much  considera- 
tion. 

Predisposition  and  Heredity. — The  latter  may  easily  be 
disposed  of.  Formerly,  before  the  true  pathology  of  the 
disease  was  known,  considered  of  the  first  importance,  heredity 
is  now  only  deemed  to  be  a predisposing  cause  in  so  far  that, 
as  all  ferments  prefer  a certain  wort  or  terrain  of  growth, 
certain  conditions  favourable  to  their  development,  so  this 
particular  condition  may  be  inherited  in  the  same  way  as  are 
features,  tricks  of  manner  and  mind.  That  the  tubercle 
bacillus  itself  may  be  passed  on  and  transmitted  from  either 
parent  to  the  offspring  is  held  to  be  impossible  ; it  certainly 
has  never  been  proved,  even  in  animals  so  susceptible  to  the 
disease  as  are  guinea-pigs.  The  disease  may  often  appear  to 
have  been  transmitted,  when  the  real  infection  has  been  from 
the  close  contact  of  the  children  with  their  diseased  parents, 
in  the  same  unfavourable  conditions. 

As  against  the  doctrine  of  acquirement  by  heredity,  it  is 
worth  while  calling  attention  to  Rceckl’s  remarks  that  in 
calves  and  young  animals  tuberculosis  is  rare,  but  becomes 
more  frequent  as  the  animals  get  older,  especially  those  which 
are  exposed  after  birth  to  an  existence  in  common  with 
diseased  parents  and  amidst  infected  surroundings. 

Not  only  does  there  appear  to  be  a certain  special  predis- 
position in  individuals,  but  also  certain  organs  of  individuals 
seem  to  offer  a more  favourable  terrain  for  the  growth  of  the 
tubercle  bacillus  than  others,  and  these  may  vary  according 
to  the  age  of  the  individual. 
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The  history  of  the  bacillus,  after  it  has  affected  penetration 
and  overcome  the  local  resisting  forces,  we  have  traced  to  the 
nearest  (usually)  lymphatic  gland,  or  to  serous  membranes  by 
their  connection  with  the  lymphatics,  although  no  explanation 
can  yet  be  given  as  to  means  by  which  a non-motile  bacillus 
is  able  to  progress  against  the  stream.  We  can  now  resume 
the  history.  When  the  invading  bacillus  reaches  a gland  by 
its  afferent  vessel,  it  is  arrested  in  the  cortical  substance  of 
the  gland  by  the  reticular  structure  of  the  tissue,  and  by  the 
natural  phagocytes  existing  there.  At  this  particular  point 
the  phagocytes,  which  are  often,  and,  indeed,  generally,  in- 
sufficient, for  reasons  before  stated,  to  cope  with  a microbe  so 
virulent  that  it  has  already  passed  through  the  line  of 
sentries,  band  together  and  act  as  supports  to  check  the 
invader  on  a second  line  of  resistance.  This  banding  together 
or  coalition  of  phagocytes  is  seen  in  the  formation  of  a giant- 
cell. Should  this  second  line  of  resistance  be  forced  by  the 
virulence  of  the  invading  microbe,  we  find  that  it  penetrates 
along  the  lymph  sinuses  even  to  the  medullary  portion  of  the 
gland,  although  by  the  time  it  has  succeeded  in  accomplishing 
this,  the  lymph  sinuses  have  become  completely  filled  up  with 
inflammatory  products,  the  object  being  to  limit  the  invasion 
by  the  erection  of  a barrier.  This  constitutes  the  reserves  or 
third  line  of  resistance,  and  is  usually  sufficient  to  encapsule 
the  invader  or  hold  it  indefinitely  in  check.  Even  this  third 
line  of  defence  may  be  forced  after  a longer  or  shorter  time, 
depending  upon  the  vitality  of  the  general  system  and  the 
special  nutrition  of  the  gland.  Should  this  be  the  case,  then 
the  efferent  vessel  becomes  seized  upon ; this  being  the  high- 
road to  the  system,  the  whole  body  becomes  exposed  to  the 
ravages  of  the  invader. 

We  will  turn  for  a moment  to  other  tissues  primarily 
affected,  and  not  secondarily,  as  all  glands  must  be,  albeit  that 
the  primary  infection  is  generally  never  known.  Let  us  take 
for  example  the  pleura  covering  the  apices  of  the  lungs,  or  the 
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serous  membranes  (meninges)  at  the  base  of  the  brain.  It 
may  be  objected  that  these  are  also  secondary  infections,  as 
before  shown,  from  primary  infection  through  the  pharyngeal 
or  nasal  mucosa.  Ihe  objection  is  just,  but  it  would  be  well 
to  draw  attention  to  the  fact  that  between  primary,  secondary, 
and  tertiary  infections,  as  well  as  between  first,  second,  and 
third  stages  of  the  clinical  aspect  of  the  disease,  there  is  never 
any  clear  line  of  demarcation.  To  return,  however,  to  the 
serous  membranes.  These  structures,  when  invaded,  succumb 
more  easily  to  the  action  of  the  bacillus  and  its  toxins  than 
do  the  glands  ; but  in  all  cases,  allowing  for  differences  of 
structure,  the  microscopical  pathology  is  the  same.  First 
comes  the  local  leucocytosis,  with  consecpient  inglobing  of 
bacilli  ; this  leucocytosis  may  be  exceedingly  feeble,  and  the 
leucocytes  find  that  they  have  a task  beyond  their  strength, 
and  many  of  them  die,  poisoned  by  the  toxins  of  the  bacillus 
which  they  have  devoured.  This  happens  more  frequently 
with  the  neutrophile  polynuclear  cells,  which,  although  greedy 
phagocytes,  do  not  possess  very  powerful  diastases  in  their 
protoplasm,  and  are  thereby  powerless  to  digest  any  but  very 
slightly  virulent  microbes;  hence  they  perish,  and  are  in  their 
turn  inglobed,  together  with  the  bacillus  contained  in  them, 
by  the  large  mononuclear  phagocytes,  which  have  a much 
slower  power  of  phagocytosis  ; but  what  they  lose  in  speed 
they  gain  in  power,  for  their  protoplasm  contains  very  power- 
ful diastases,  quite  capable  of  digesting  virulent  bacilli  and 
neutralizing  their  toxins  without  any  additional  help.  This 
may  be  ascertained  by  noticing  that  the  bacilli  when  inglobed 
swell  up,  lose  their  distinctive  shape,  and  become  brownish  in 
colour,  looking  very  much  like  a lightly-cooked  sausage. 
Now,  these  particular  appearances  can  never  be  obtained  in 
any  preparations  made  from  cultures  either  living  or  dead. 
It  is  only  fair,  then,  to  consider  such  phenomena  as  due  to  the 
phagocytic  and  digestive  action  of  the  neutrophile  cells. 
Leucocytes  are  unlike  amoebae  in  one  respect,  which  is,  that 
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when  they  once  take  in  a solid  particle,  they  never  eject  it  as 
lono-  as  the  life  of  the  cell  remains.  Koch’s  bacillus  is  so 
poisonous  that  it  usually  takes  more  than  one  phagocyte  (the 
wandering  or  fixed)  to  destroy  it ; therefore  two  or  more 
combine  together,  and  so  form  a giant-cell.  These  giant-cells 
may  be  thus  composed  entirely  of  leucocytes  or  entirely  of 
connective  tissue  (epithelioid)  cells,  or  even  by  a fusion  of 
both  kinds  ; a fourth  source  may  be  from  endothelial  cells.  I 
think  it  may  generally  be  accepted  that  a giant-cell  may  be 
produced  either  by  fusion  of  cells,  as  just  mentioned,  or  from 
a single  cell,  by  excessive  karyokinesis  without  cell  division, 
though  the  former  is  the  more  common  mode  in  the  disease 
under  consideration  ; some  observers  are  inclined  to  view  the 
former  as  cell  success,  the  latter  as  cell  failure  and  degenera- 
tion. In  cases  in  which  the  giant-cell  is  entirely  formed  from 
either  the  epithelioid  or  the  endothelial  cells,  it  is  usually 
because  one  of  the  earlier  polynucleated  phagocytes  has  in- 
globed  a bacillus,  and  has  wandered  off  with  it  inside  to 
digest  it  in  some  quiet  corner ; but,  like  a dog  that  has 
swallowed  poisoned  meat,  it  languishes  and  dies  in  that 
corner ; then  the  neighbouring  epithelioid  or  endothelial  cells, 
as  the  case  may  be,  set  themselves  to  work,  band  together  to 
inglobe  the  whole,  and  prevent  further  mischief  ensuing. 
I he  formation  of  the  giant-cell  is  the  first  stage  of  tubercle. 

A fight  and  struggle  now  goes  011  inside  the  giant-cell 
between  its  diastases  and  the  toxins  of  the  bacillus  or  bacilli, 
lor  frequently  there  are  more  than  one.  There  may  be  more 
than  one  giant-cell ; others  may  be  contiguous,  in  which  case 
they  will  be  found  to  anastomose  by  slender  processes,  through 
which  their  protoplasm  can  flow  to  aid  each  other.  Around 
these  giant-cells  are  found  large  mononucleated  cells,  either 
epithelioid  or  large  mononucleated  leucocytes— that  is  to  say, 
full-grown  lymphocytes  ; it  would  be  hard  to  say  which  they 
are,  neither  does  it  very  much  matter,  as  they  are  there  for 
the  same  purpose,  which  is  to  surround  the  giant-cell,  to 
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watch  the  fight,  and  neutralize  by  their  own  diastases  any  of 
the  toxins  of  the  bacilli  within  the  giant-cell  which  might 
escape.  This  is  the  second  stage  in  the  formation  of  a 
tubercle. 

Beyond  these  big  cells  is  gradually  formed  a crowd,  layer 
upon  layer,  of  smaller  or  lymphoid  cells,  which  are  simply 
youthful  leucocytes  possessing  some  power,  though  little,  of 
secreting  alexins  and  so  aiding  the  fight ; but  as  they  possess 
no  phagocytic  properties  as  yet,  they  are  stationed  as  far 
from  the  enemy  as  possible.  There  is  no  particular  limit  to 
these  cells  ; there  may  be  many  layers  of  them  or  few  ; they 
are  usually  contained  in  a sort  of  reticulum,  or  network, 
but  not  always,  this  being  much  more  marked  in  chronic 
cases  than  in  rapid  ones,  which  is  exactly  what  we  should 
expect. 

Here,  then,  are  all  the  elements  of  a gray  or  recent  tubercle, 
those  gray  tubercles  which  are  plain  to  the  naked  eye  being 
nothing  more  than  a conglomeration  of  single  tubercles,  which 
essentially  consist  of 

1.  A giant  cell  or  cells,  connected  by  branches  in  which 
lie  the  epithelioid  cells. 

2.  A layer  or  layers  of  these  epithelioid  cells,  possessing 
both  phagocytic  and  neutralizing  powers. 

3.  A layer  or  layers  of  lymphoid  cells  with  no  phagocytic 
powers,  but  with  a certain  amount  of  neutralizing  properties 
according  to  their  age,  these  being  kept  in  position  by  a reti- 
culum more  or  less  developed,  according  to  the  length  of  time 
that  the  lymphoid  cells  have  been  mobilized. 

Nothing  in  this  world  is  stationary — there  is  either 
progress  or  retrocession.  The  latter  will  be  taken  first,  as 
it  is  the  rarer,  and  will  therefore  take  the  shorter  time.  By 
retrocession,  of  course,  retrocession  of  the  effects  of  bacillary 
invasion  is  intended,  the  decline  of  the  disease  caused  by  its 
advent,  and  this  reversion  to  pristine  or  approximately 
pristine  conditions  may  be  brought  about  in  two  ways — by  a 


TUBERCULOSIS 


•59 


fibrous  or  fibroid  change,  and  one  that  is  cretaceous,  called 
calcification. 

I.  The  Fibroid  Change. — In  this  case  the  bacilli  are 
destroyed  and  digested  by  the  giant-cells,  which,  exhausted  by 
the  struggle,  then  enter  into  fatty  degeneration — or  a species 
of  coagulation  necrosis — and  are  more  or  less  completely 
absorbed,  the  fatty  molecules  being  passed  on  from  the  nearest 
epithelioid  cells,  through  the  next  layer  to  the  lymphoid  cells, 
and  so  finally  eliminated.  The  connective-tissue  cells  lying 
within  the  branches  of  the  giant-cells  and  those  of  the  inner- 
most  layer  of  epithelioid  cells  elongate,  branch,  and  finally 
form  connective  tissue,  which  contracts  upon  the  debris  of  the 
fight  and  forms  a scar  ; the  outer  layer  of  lymphoid  cells  is 
replaced  by  fibroblasts.  Lung  cavities  of  any  size  may  heal 
by  the  scar  tissue  lining  its  walls,  which  become  smooth,  and 
are  finally  found  lined  with  a membrane  ; the  smaller  cavities 
alwa}Ts  contract,  and  larger  ones  may  do  so  after  a time. 

II.  The  Calcareous  Degeneration,  or  Calcification. — This 
is  somewhat  rare,  and  can  only  take  place  in  certain  constitu- 
tions, especially  those  gouty  and  rheumatic,  in  which  the 
progress  of  the  disease  has  been  slow.  Sometimes  it  unfor- 
tunately happens  that,  when  a local  trouble  is  being  closed  in 
this  way,  the  whole  process  is  interrupted,  and,  indeed,  pre- 
vented by  an  intercurrent  acute  attack  from  another  source. 
The  microscopic  pathology  of  calcification  is  that  a certain 
amount  of  caseation  (to  be  described  later  on),  indicating  that 
the  tubercle  bacillus  has  prevailed,  has  taken  place,  but  that 
the  second  layer  now  brings  a new  force  to  bear,  that  of 
increased  alkalinity,  which  neutralizes  the  acid  products  of 
the  bacilli,  thereby  causing  the  deposition  of  the  carbonate 
and  phosphate  of  lime.  This  is  exactly  analogous  to  the 
manner  in  which  certain  nematodes  are  encapsuled  by  the 
leucocytes,  successive  layers  being  deposited  by  them  around 
the  invader,  which  also  protects  itself  from  destruction,  as  far 
as  it  can,  by  a thickening  of  its  enveloping  membrane  ; the 
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bacillus  acts  likewise,  and  enters  into  a state  of  sporulation, 
remaining  encysted  in  the  alkaline  carbonates  and  phosphates. 
If  this  change  should  occur  in  a cavity  of  the  lung,  it  may  so 
happen  that  the  whole  thing  may  be  suddenly  got  rid  of  by 
expectoration,  in  the  form  of  a pneumolith,  the  cavity  then 
healing  by  cicatricial  tissue. 

These  are  the  two  processes  by  which  injury  to  the 
economy  by  the  tubercle  bacillus  may  be  arrested. 

Progress  of  the  Bacillus. — If  the  bacillus  should  be  in  a 
sufficiently  virulent  state,  it  gains  the  upper  hand  ; first  the 
giant-cell  becomes  necrosed,  then  the  surrounding  cells,  which 
results  in  the  formation  of  a caseous  mass  (yellow  tubercle). 
This  may  be  due  not  only  to  the  virulence  of  the  bacillus,  but 
to  the  fact  that  when  it  has  overcome  the  resistance  of  the 
giant-cell,  after  a long  struggle,  it  finds  the  surrounding 
phagocytes  in  an  enfeebled  condition,  having  been  for  some 
time  cut  off  from  their  supply  of  nutrition,  hence  the  caseation 
spreads  from  centre  to  periphery  ; even  then  it  sometimes 
happens  that  the  third  layer  has  come  to  the  rescue,  and  has 
formed  a capsule  which  arrests  the  disease  for  who  shall  say 
how  long  ? it  is  certainly  always  an  element  of  danger  : the 
cyst  may  break  down  at  any  time  and  infect  the  whole 
system.  Should  encapsulation  not  take  place,  the  process 
continues  in  the  tubercle,  and  leads  to  the  death  of  all  the  cell 
elements  therein,  with  subsequent  softening,  caused  by  the 
dissolving  power  over  the  tissues  possessed  by  the  toxins  of 
the  bacillus,  which  still  retains  its  virulence.  As  softening 
takes  place,  the  virulent  bacillus  is  free  to  proceed  elsewhere 
by  any  channel  open  to  it,  or  simply  by  contact  with  the  sur- 
rounding tissues  leads  to  their  destruction.  Thus  cavities  in 
the  lungs  are  formed,  the  softened  contents  being  poured  into 
the  neighbouring  bronchi.  The  bacillus  continuing  to  obtain 
the  mastery,  and  being  doubtless  often  reinforced  from  with- 
out, finally  causes  systemic  death,  both  by  the  extent  of  local 
lesions  and  by  its  teletyptic  action  of  causing  solution  of 
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tissues  at  a distance  by  the  toxicity  of  its  products  or 
toxins. 

Tubercle  in  any  part  of  the  body  is  characterized  by  these 
phenomena,  modified  only  by  the  structure  of  the  particular 
tissues  affected.  It  will  form  no  part  of  this  work  to  enter 
into  any  description  of  tubercle  affecting  the  meninges, 
glands,  mucosa,  skin,  bones,  or  joints  ; the  only  tubercular 
disease  here  taken  by  itself  is  the  one  most  commonly  met 
with  — tubercle  of  the  lung,  pulmonary  consumption,  or 
phthisis — in  its  clinical  aspects.  Phthisis  (<£0ew,  I waste 
away)  may  be  acute,  subacute,  or  chronic. 

Acute  Phthisis  is  rare  as  a primary  disease,  but  is  far  more 
often  seen  as  the  result  of  the  breaking  down  of  a gland  full 
of  a soft,  creamy  substance,  containing  living  bacilli  in  a state 
of  great  virulence,  and  the  consequent  infection  of  the  system 
generally,  acute  phthisis  being  very  seldom  unaccompanied 
by  acute  tuberculosis  elsewhere. 

As  regards  the  latent  period  of  this  disease,  we  have  not 
much  evidence  upon  which  to  form  an  opinion  ; it  is  probably 
very  short.  The  complaint  runs  the  course,  and  presents 
all  the  phenomena  and  symptoms,  of  a true  zymosis.  It  is 
ushered  in  with  constant  attacks  of  shivering,  alternating 
with  sweats,  rapid  breathing,  quick  pulse,  a short,  sharp 
cough,  with  a certain  amount  of  dyspnoea,  and  pain  in  one 
or  both  sides  of  the  chest.  The  temperature  is  high,  and 
the  skin  soon  becomes  of  a very  peculiar  dry,  burning  char- 
acter that  I have  only  seen  in  one  other  disease — typhoid 
fever  : it  is  a symptom  to  which  I attach  great  importance. 
The  weakness  is  extreme  ; the  tongue  is  dry,  and  very  red 
at  the  tip  and  edges.  The  fever  soon  assumes  the  hectic 
type,  delirium  supervenes,  sordes  appear  on  the  lips  and 
teeth,  and,  as  there  is  generally  diarrhoea,  the  diagnosis 
between  this  disease  and  typhoid  fever  is  at  times  an  exceed- 
ingly difficult  matter.  Crepitation  can  be  detected  all  over 
the  lungs,  but  it  is  not  the  very  fine  crepitation  of  pneu- 
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monia ; dulness  or  a subdulness  is  found  all  over  the  luncrs, 
in  no  one  place  in  particular ; the  cough  increases,  and  there 
is  expectoration  of  an  opaque  and  purulent  kind.  There  is 
never  haemoptysis,  though  sometimes  the  sputa  may  be  slightly 
rusty  in  colour.  The  patient  wastes  rapidly,  and  death  may 
occur  even  within  the  first  week,  or  not  until  the  tenth  or 
twelfth. 

In  cases  of  early  death  only  gray  tubercles  are  found, 
which  are  larger  and  softer  than  those  before  described,  con- 
sisting chiefly  of  alveoli  filled  with  epithelial  cells  and  small 
lymphoid  leucocytes  within  a wall  thickened  by  infiltration 
with  still  smaller  lymphoid  cells.  There  are  no  giant-cells  in 
the  centre,  for  there  has  been  either  no  time  for  them  to  have 
been  formed,  or  it  may  be  that  the  toxins  have  been  so  power- 
ful as  to  counteract  any  attempt  at  phagocytosis.  Cases  that 
die  later  present  the  phenomena  of  the  harder,  smaller  gray 
tubercle,  with  some  of  the  softer  kind,  in  which  giant-cells 
may  be  found  : in  these  cases  there  has  been  a greater  resist- 
ance of  the  natural  defenders  of  the  system.  In  cases  that 
die  much  later,  or  about  the  tenth  week,  yellow  tubercles  and 
caseation  are  found. 

The  acute  form  of  phthisis  has  been  divided  into  several 
subdivisions,  but  it  will  not  serve  the  purpose  of  this  book  to 
enter  into  them. 

Subacute  Phthisis. — This  form  may  commence  subacutely, 
or  it  may  come  on  from  time  to  time  during  a chronic  attack, 
either  from  fresh  infection  or  extension  of  the  original  deposit. 
If  the  contents  of  a broken-down  gland  are  of  very  small 
amount,  the  resulting  systemic  effect  may  not  be  more  than 
subacute. 

Chronic  Phthisis. — This  is  the  form  in  which  tuberculosis 
is  generally  most  apparent,  against  which  so  many  remedies 
have  been  vaunted,  for  which  so  many  climates  and  regimes 
have  been  advocated,  and  yet  in  which  so  much  disappoint- 
ment has  resulted.  Cases  have  been  known — cases  of 
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phthisis  without  any  doubt — which  have  been  arrested  at 
least,  or  even  cured,  in  the  past  few  years,  especially  since 
the  value  of  hygienic  principles  has  been  recognised,  and 
more  especially,  too,  since  the  real  nature  and  cause  of  the 
disease  has  become  definitely  known. 

Symptoms. — Phthisis,  for  the  sake  of  convenience,  has 
been  divided  into  stages,  with  different  pathological  condi- 
tions and  symptoms  resulting  therefrom,  pertaining  to  each. 
First  comes  the  stage  of  invasion,  with  the  consequent  for- 
mation of  hard  gray  tubercles  ; secondly  comes  the  stage  of 
softening  and  caseation  of  these  tubercles,  now  become  yellow  ; 
and  the  third  and  last  stage  is  the  breaking  down  of  the 
softened  tubercles,  the  pouring  of  their  contents  into  the 
bronchial  tubes,  leaving  cavities  from  destruction  of  the  lung 
tissue,  and  bringing  death  from  various  causes,  such  as  apnoea, 
thrombosis,  exhaustion,  or,  in  rare  cases,  pneumothorax,  when 
the  pleura  is  not  adherent. 

As  has  been  said  before,  it  must  not  be  supposed  that 
these  three  stages  are  separated  by  any  clear  line  of  demarca- 
tion or  by  limit  of  time  ; for  although  the  first  stage  must 
always  be  the  commencement,  it  happens  that  when  this 
particular  stage  is  passing  into  the  second,  a fresh  tubercle 
may  be  beginning,  and  when  this  in  its  turn  has  passed  into 
the  second  stage,  the  first  tubercle  is  passing  into  the  third. 

Symptoms  and  Signs  of  the  First  Stage. — Cough  is  the 
symptom  first  noticed,  though  it  may  have  been  preceded  by 
disorders  of  digestion.  This  cough  is  more  or  less  persistent, 
gradually  becoming  more  troublesome,  and  accompanied  by 
expectoration  of  a mucous  character,  chiefly  in  the  morning  ; 
the  patient  begins  to  get  thin,  and  finds  more  difficulty  in 
surmounting  hills  than  formerly,  though  this  does  not  seem 
to  the  patient  to  be  due  to  shortness  of  breath,  but  to  fatigue 
or  want  of  condition.  The  digestive  powers  are  disturbed, 
and  there  may  be  loss  of  hair  and  colour  ; generally,  also,  the 
temperature  from  six  to  seven  o’clock  in  the  evening  will  be 
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found  rather  higher  than  normal,  and  in  the  morning  some- 
what lower.  In  females  there  is  often  disturbance  of  the 
monthly  functions,  which  may  gradually  lead  to  suppression. 

The  physical  signs  in  this  stage  are,  like  the  above,  all 
due  to  irritation  of  the  lungs,  caused  by  the  presence  of 
tubercles ; consequently  the  signs  vary  with  the  amount  of 
deposit,  tubercles  near  a serous  surface  giving  rise  to  more 
irritation  than  those  in  the  thickness  of  a lung.  As  the  infec- 
tion in  the  adult  almost  invariably  commences  in  the  apices, 
it  is  there  that  we  shall  find  the  first  and  earliest  symptoms, 
though  they  do  but  vary  in  degree  from  normal  sounds,  and 
are  so  often  passed  over  by  the  ear  that  is  somewhat  out  of 
training.  It  is  always  well  to  seat  the  patient  with  the  chest 
bare  in  a good  light,  and  cause  him  to  breathe  rather  deeply 
but  softly,  as  one  in  sleep.  By  examining  the  chest  with  the 
eye,  first  on  one  side  and  then  on  the  other,  next  over  the 
shoulders,  we  can  get  a very  good  notion  of  the  rise  and  fall 
of  the  chest,  also  whether  one  side  limps  a little  under  the 
clavicle,  or  if  undue  hollows  appear  above  either  of  them  on 
inspiration.  Any  limping  need  not  be  due  to  adherent  pleura 
yet  ; it  may  merely  mean  that  there  is  a tender  spot,  which 
is  eased  by  the  ribs  above  it  taking  care  to  move  cautiously. 
Over  such  a region  there  will  be  more  or  less  dulness,  which 
in  some  persons  is  rather  difficult  to  obtain,  owing  to  the 
irregularity  of  the  deposit  in  the  lung.  The  breathing  is  of  a 
distinctly  wavy  or  jerky  character,  accompanied  by  a prolonga- 
tion of  the  expiratory  murmur,  with  a coarse  crepitation,  the 
vesicular  murmur  tending  to  a sound  resembling  that  of 
inspiration.  Vocal  resonance  is  slightly  increased,  and 
fremitus  also.  Should  any  disease  exist  on  the  right  side  of 
the  chest,  then  the  sounds  of  the  heart  will  be  more  plainly 
heard  than  normal,  owing  to  increased  conduction  from  com- 
mencing consolidation.  A dry  friction  sound  may  often  be 
heard  in  the  suprascapular  region,  owing  to  tubercle  on  the 
pleura,  and  sometimes  I have  found  this  to  be  the  only 
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physical  sign  present.  It  is  present  when  the  serous  mem- 
brane has  been  infected  through  its  connection  with  the 
lymphatics,  probably  before  the  lung  itself  is  invaded. 
Evidence  has  recently  ( Lancet , October  23,  1897)  been 
brought  forward  to  show  that  all  pleurisies  are  due  to  tuber- 
cular infection  and  irritation. 

Another  sign  often  seen  in  this  early  stage  of  subacute 
infections  is  a thin  red  line  on  the  gums  next  to  the  teeth. 
The  respirations  also  are  certainly  more  shallow  than  normal, 
and  somewhat  increased  in  frequency.  In  this  stage,  too, 
it  sometimes  happens  that  an  attack  of  haemoptysis  is 
the  first  sign  that  draws  the  patient’s  attention  to  the 
fact  that  there  is  anything  the  matter  with  him.  This 
sign  may  occur  together  with  very  few  others,  but  in  young 
adults,  haemoptysis,  unless  it  can  be  definitely  shown  to  be 
due  to  another  cause,  is  almost  invariably  due  to  the  in- 
fection by  tubercle.  I think  all  physicians  can  call  to 
mind  without  much  difficulty  cases  of  early  consumption 
brought  to  them  with  the  history  of  haemoptysis,  the  cause 
of  which  has  been  attributed  to  sore  throat  or  sore  gums 
because  the  physical  signs  in  the  lungs  have  been  too 
slight  to  be  detected.  The  spirometer  in  early  phthisis  is 
a great  help  to  diagnosis ; a very  handy  and  accurate  instru- 
ment has  been  invented  by  B.  T.  Lowne. 

The  microscopical  examination  of  the  sputa  even  in  this 
early  stage  will  often  reveal  the  true  nature  of  the  disease, 
though  the  quantity  of  the  bacilli  present  bears  no  relation 
to  the  severity  of  the  infection  nor  the  virulence  of  the 
bacilli.  Ordinary  cover-glass  preparations  frequently  do  not 
contain  a single  bacillus,  whereas  if  the  same  expectorations 
are  diluted,  rendered  homogeneous,  and  placed  in  a centrifuge, 
the  resulting  deposit  will  yield  them. 

Symptoms  oj  the  Second  Stage. — This  is  the  stage  of  the 
conversion  of  the  gray  tubercle  by  caseation  into  the  yellow 
variety,  with  its  subsequent  softening.  The  emaciation  of  the 
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patient  increases,  the  cough  is  much  more  troublesome,  and  is 
of  a moister  character  ; the  expectoration  changes  from  a ropy 
mucous  to  a more  formed  sputum  of  a yellow  colour,  less 
aerated,  and  sometimes  specked  or  streaked  with  blood.  The 
temperature  is  usually  raised  in  the  afternoon,  though  not 
invariably,  haemoptysis  may  take  place,  general  weakness 
increases,  and  night  sweats  occur.  The  sclerotic  of  the  eye 
appears  very  white  and  pearly,  whilst  the  eye  itself  assumes 
a pathetic  look.  Diarrhoea  may  or  may  not  occur,  but  is 
more  usual  towards  the  end  of  the  second  stage  ; to  obviate 
this,  the  patient  should  never  permit  himself  to  swallow  his 
sputum.  The  digestive  organs  become  irritated,  the  appetite 
capricious,  and  the  tongue  often  sore  ; the  nails  also  show 
signs  of  clubbing.  The  physical  signs  are  : increased  dulness 
over  the  infected  area,  with  very  decided  fremitus  ; the  vocal 
resonance  amounts  to  bronchophony,  or  even  pectoriloquy, 
whilst  the  breathing  is  of  blowing,  tubular  character,  accom- 
panied by  coarse  crepitation,  clicks,  and  sticky  sounds.  We 
now  find  flattening  and  immobility  below  the  clavicle.  The 
microscope  shows  us  Koch’s  bacillus  in  decided  quantities, 
pus  globules,  and  elastic  fibres  of  lung  tissue.  At  the  end  of 
the  second  stage  other  microbes  are  found  as  the  third  stage 
approaches  ; these  will  be  presently  described. 

Symptoms  of  the  Third  Stage.  — The  yellow,  softened 
tubercles  are  now  giving  way,  and  bursting  into  the  smaller 
bronchial  tubes,  leaving  a cavity  behind,  the  contents  of  which 
are  constantly  being  renewed  by  the  ulceration  of  its  walls,  and 
are  then  coughed  up  in  the  form  of  greenish,  lumpy,  nummular 
phlegm.  The  wall  of  the  cavity  may  ulcerate  through  into 
another  neighbouring  cavity,  the  two  finally  becoming  one 
large  cavern.  Sometimes,  when  near  the  surface  of  the 
pleura,  and  adhesive  pleuritis  has  not  previously  been  set  up, 
a cavity  may  ulcerate  through  into  the  pleural  sac,  causing 
pneumothorax.  This  constant  process  of  ulceration  and 
destruction  naturally  gives  rise  to  increased  cough,  with 
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dyspnoea,  more  hectic  fever  and  night  sweats,  which  now 
become  colliquative.  The  emaciation  and  feebleness  increase, 
the  pulse  has  a running  or  hurrying  character ; diarrhoea  is 
frequent  anol  olistressing ; the  feet  swell,  and  the  nails,  now  of 
a very  characteristic  shape,  turn  blue  ; the  tongue  gets  red 
and  tender,  aphthae  frequently  form  in  the  mouth,  and 
albuminuria  often  appears.  Cramps  anol  pains  in  the  limbs 
are  frequent,  with  much  general  prostration.  The  patient 
can  find  no  position  that  is  comfortable  ; constant  cough  and 
expectoration  banish  sleep ; but  the  intellect  remains  clear, 
until  the  patient  is  finally  worn  out  and  olone  to  death  by  the 
action  of  the  bacilli  anol  their  products. 

The  physical  signs  are,  in  addition  to  those  of  the  seconol 
stage,  which  become  more  marked  as  the  disease  goes  on, 
those  of  cavity  : the  chest  is  seen  to  be  flattened  and  im- 
mobile beneath  the  clavicle,  anol  the  ribs  appear  to  be  very 
prominent,  owing  to  the  sinking  in  of  the  intercostal  spaces. 
If  a cavity  be  empty,  we  should  naturally  expect  to  get  a 
greater  resonance  on  percussion,  yet  the  reverse  is  almost  in- 
variably the  case  ; the  dulness  is  marked.  This  arises  from 
the  wall  of  the  cavity  being  thickened  with  the  products  of 
inflammation,  anol  surrounded  with  infiltrated  or  consolidateol 
lung.  At  this  stage  we  may  get  a peculiar  sound,  called  the 
‘ cracked-pot  sound,’  maole  by  percussing  sharply  over  a cavity 
whilst  the  patient  keeps  his  mouth  open.  Even  when  cavities 
are  opiite  close  to  the  surface,  I doubt  that  we  ever  get  in- 
creased resonance,  unless,  of  course,  there  should  be  pneumo- 
thorax. The  stethoscope  gives  us  some  valuable  signs,  how- 
ever, and  these  are  more  or  less  distinct  as  the  cavity  is  super- 
ficial or  deep-seated.  We  may,  however,  be  deceived  even  in 
these,  for  a piece  of  consolidated  lung  may  conduct  all  these 
sounds  from  a bronchial  tube  to  the  ear  without  any  true 
cavity  being  present  at  all.  The  experiences  of  the  post- 
mortem room  seldom  corroborate  the  exact  diagnosis  as 
regards  cavities,  made  clinically. 
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Cavities,  however,  may  be  detected  by  observing  the 
auscultatory  symptoms  both  before  and  after  coughing — that 
is,  when  the  cavity  is  full,  partially  full,  or  empty.  When 
full,  we  may  not  bear  much  more  than  in  the  second  stage 
(of  softening),  though  we  generally  get  gurgling  with  sticky 
guggling  noises,  or  a soft,  churning  sound,  as  if  a phlegm 
were  being  whisked  round  a cavity,  like  a stone  in  a glacier 
mill.  When  there  is  partly  air  and  partly  fluid,  we  may  get 
a splash  when  the  patient  coughs  or  is  shaken,  or  if  the  com- 
munication between  the  cavity  and  the  bronchus  he  narrow, 
we  may  get  a metallic,  tinkling  sound  instead  of  a splash. 
When  the  cavity  is  empty  or  in  the  process  of  drying  up,  we 
get  the  same  breathing  and  vocal  sounds  as  are  normally  heard 
over  the  trachea  above  the  sternal  notch.  These  sounds  are 
called  ‘cavernous  respiration’  and  ‘ jjectoriloquy.’  If  the  cavity 
be  large,  and  its  walls  smooth,  we  may  get  amphoric 
resonance. 

The  sputa  are  green,  nummular,  and  of  a peculiar  faint, 
disagreeable  odour,  the  coloration  being  due  to  the  presence 
of  chromogenic  bacteria,  and  the  odour  due  to  the  pyogenic 
varieties,  Bacillus  fcetidus  especially.  We  find  under  the 
microscope,  besides  the  tubercle  bacillus  of  Koch,  the  Bacillus 
fluovescens  putridus , Bacillus  pyocyanicus , Bacillus  pyogenes 
fcetidus , mentioned  above ; different  pyogenic  staphylococci, 
especially  Albus ; streptococci,  Micrococcus  tetragenes  and 
others,  with  the  pneumococci  of  Fraenkel. 

Such  an  association  shows  that  the  vitality  of  the  patient 
is  lowered  to  such  an  extent  that  resistance  is  lost  to  almost 
any  kind  of  invasion,  for  although  we  know  that  these 
microbes  frequently  exist  in  the  bronchial  tubes  without 
doing  any  harm — probably  being  rendered  innocuous  by  the 
mechanical  and  germicidal  action  of  the  bronchial  mucosa — 
we  also  know  that  they  do  not  get  into  the  infundibula  or 
alveoli  in  the  healthy  system.  Therefore  some  share  must  be 
assigned  to  them  in  the  destructive  action  of  phthisis,  though 


TUBERCULOSIS 


169 


it  is  difficult  to  say  how  great,  or  of  what  kind,  that  sliaie 
may  be. 

Perhaps  we  ought  not  to  leave  the  subject  ol  tuberculosis 
without  some  reference  to  tubercular  disease  of  the  mesentei  ic 
glands,  or  tabes  mesenterica,  as  it  was  called  a few  years  ago. 
This  disease  does  not  differ  in  its  pathology  from  that  of 
tubercular  infection  of  other  glands.  The  form  of  invasion  has 
already  (pp.  153  and  155)  been  described,  and  the  ending  is  the 
same  as  in  all  infected  glands,  either  by  softening,  breaking 
down,  and  general  infection,  by  encapsulation  during  the  life  of 
the  individual,  or  by  calcification.  This  complaint  is  only  too 
common  in  children,  and  arises  from  infection  by  tuberculous 
milk.  As  in  phthisis  so  in  this  disease,  the  early  symptoms 
are  neither  many  nor  distinctive  ; hence  the  true  nature  of  the 
disease  is  only  diagnosed  when  it  is  well  advanced.  1 he 
symptoms  arise  first  from  disturbance  and  irritation  of  the 
digestive  organs,  evidenced  by  enteric  catarrh,  with  frequent 
colicky  pains  and  diarrhoea,  or,  at  least,  unhealthy-looking 
stools.  This  may  be  temporarily  checked,  not  from  treatment, 
I verily  believe,  but  because  it  is  the  nature  of  tubercular 
disease  to  attack  by  rushes,  with  periods  of  rest  in  between. 
After  several  attacks  of  this  kind,  the  abdomen  begins  to 
become  generally  tumid  and  prominent,  sometimes  even  tym- 
panitic, though  not  tender  even  to  pressure. 

It  may  be  exceedingly  difficult  to  make  out  the  enlarged 
glands,  especially  when  lymph,  poured  out  by  irritation  of  the 
glands,  has  glued  the  coils  of  intestines  together,  and  produced 
that  peculiar  appearance  of  the  abdomen  called  by  the  French 
carreau.  It  looks  just  as  if  the  child  had  a distended  air- 
cushion  of  an  oblong  shape  underneath  his  skin.  The  patient 
gets  anoemic  and  emaciated,  whilst  appetite  simply  does  not 
exist.  The  administration  of  chloroform,  with  palpation, 
advised  by  Jenner,  will  sometimes  prove  the  presence  of 
enlarged  glands,  but  the  absence  of  this  sign  must  not  make 
us  think  that  we  have  simply  to  deal  with  a chronic  enteric 
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catarrh.  Hectic  fever  eventually  sets  in,  with  increasing 
debility,  and  ascites  often  ends  the  scene. 

Careful  search  should  always  be  made  for  the  tubercle 
bacillus  in  doubtful  cases.  It  is  exceedingly  difficult  to  find 
in  the  faeces,  but  perhaps  better  means  of  search  in  the  future 
may  reveal  its  early  presence.  There  is  one  sign  to  which  I 
attach  great  importance,  and  that  is  the  presence  of  indican 
in  the  urine.  I have  never  seen  a case  of  tabes  mesenterica 
in  which  this  sign  has  been  absent. 


CHAPTER  IX. 

TREATMENT  OF  TUBERCULOSIS. 

Tuberculosis,  in  whatever  shape  or  form  it  may  present 
itself,  is  essentially  a wasting  disease,  hence  the  attention  ol 
physicians  was  early  directed  to  the  object  ot  keeping  up  the 
strength  of  the  system,  both  by  the  administration  of  tonics 
and  by  diet.  Of  the  former  there  was  a large  choice,  but  the 
latter  was  the  most  important,  and  is  just  as  important  now 
in  the  treatment  we  are  recommending  as  ever  it  was  under 
the  old  methods.  Next  in  importance  to  diet  comes  personal 
and  general  hygiene,  to  which  so  much  attention  has  been 
lately  so  properly  devoted,  and  upon  which  so  much  that  is 
good  and  excellent  has  been  written  recently,  that  it  need 
not  be  recapitulated  here.  Following  hygiene,  and  to  a 
certain  extent  belonging  to  it,  comes  climate,  a very  im- 
portant consideration  for  the  invalid  who  has  the  means,  and 
is  able  to  travel.  The  various  climates  and  the  class  of  case 
that  is  likely  to  be  benefited  by  them  are  all  detailed  in 
books  dealing  with  those  subjects,  which  as  regards  our 
treatment  are  simply  adjuncts.  All  that  I have  to  add  here 
is  a word  of  warning  to  those  who  rush  abroad  without  any 
precautions  and  few  directions,  expecting  to  feel  well  soon 
after  reaching  their  destination,  and  are  very  happy-go-lucky 
concerning  any  regime.  Some  cases  of  early  phthisis  actually 
do  get  well  under  these  conditions  ; the  change  of  scene,  the 
warm  air  and  glorious  sunshine,  give  a stimulus  to  the  system, 
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which  enables  its  defensive  powers  to  effectually  put  down  the 
invader. 

But  the  air  is  not  always  warm,  nor  conditions  always 
favourable,  and  there  is  another  side  to  the  picture : an 
enormous  amount  of  discomfort  is  often  experienced  by 
invalids  in  a,  foreign  clime,  who  sorely  miss  the  good,  whole- 
somely-cooked English  food — and  I say  wholesomely- cooked 
advisedly.  I may  also  say  well  cooked ; for  although  the 
English  by  no  means  excel  in  the  finer  branches  of  cookery, 
yet  there  is  no  foreigner  who  can  cook  a joint  or  boil  a potato 
as  can  the  English. 

Variable  as  our  climate  is,  after  all  is  said,  it  is  not  a bad 
one.  It  produces  the  healthiest,  hardiest  race  in  the  world. 
We  certainly  need  more  sunshine,  we  could  do  with  less  fog ; 
but  we  escape  the  fearful  relaxation  of  the  sirocco  and  the 
biting  cold  of  the  mistral.  We  have  far  more  good  days  than 
bad  ones ; there  are  very  few  days  unfit  for  an  invalid  to 
venture  out  for  a short  time,  and  if  kept  indoors,  where  in  the 
world  can  a better  interior  be  found  than  in  England  ? The 
great  mistake  we  make  is  in  not  warming  our  corridors  and 
passages  sufficiently  ; but  on  the  American  continent  and  in 
our  possessions  there,  this  is  carried  to  too  great  an  extent. 

For  those  not  well  off',  surely  it  is  better  to  remain  in  a 
comfortable  English  home  than  be  relegated  to  a single  small 
bedroom  at  the  top  of  a hotel — all  that  many  who  go  abroad 
can  afford — with  the  use  of  the  public  rooms  crowded  with 
consumptives  in  all  stages,  mutually  infecting  each  other 
afresh — truly  a Bacillary  Bourse.  I look  forward  to  the  time, 
not  far  distant,  I hope,  when  by  the  aid  of  the  pure  ferment 
treatment  invalids  need  go  no  further  away  from  home  than 
the  dry  cliffs  of  our  southern  and  south-eastern  coasts,  or,  for 
those  with  whom  the  sea  does  not  agree,  some  of  the  inland 
hilly  regions  or  elevated  beds  of  gravel,  especially  among  the 
pinewoods  of  the  Bagshot  sands  ; not  huddled  together  in  an 
expensive  but  insanitary  hotel,  but  dwelling  in  parties  of  four 
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or  six  in  separate  pavilions,  the  cases  being  selected  according 
to  stage  of  disease,  and  the  pavilions  being  scientifically  dis- 
infected at  regular  intervals.  The  unfolding  of  the  complete 
scheme  must  be  the  subject  of  a future  work. 

After  the  two  former  considerations  follows  medicine. 
Perhaps  some  might  think  that  this  should  come  first. 
Formerly,  and  until  quite  recent  times,  the  only  use  of 
medicines,  in  addition  to  promoting  the  strength,  was  to  allay 
symptoms  as  they  arose — in  fact,  to  ease  the  patient’s  down- 
ward path  and  make  it  as  little  distressing  to  him  as  possible. 
Cod-liver  oil  was  the  very  best  of  all  the  medicines  then  given, 
but  this  may  really  be  regarded  more  as  a food  than  a medi- 
cine. All  palliative  medicines,  such  as  opium,  codeia,  etc.,  are 
well  known,  so  that  it  is  not  necessary  to  discuss  them  here. 
Since  the  true  nature  of  the  disease  has  become  known, 
splendid  work  has  been  done  and  many  good  results  obtained 
from  administrations  of  such  germicides  as  are  not  poisonous 
in  ordinary  doses  to  the  animal  economy ; creasote,  guaiacol 
and  its  carbonate,  menthol,  thymol,  izal,  etc.,  have  all  been 
used  with  some  benefit.  A distinct  step  in  advance  was 
made  by  the  intratracheal  injection  of  some  of  these  sub- 
stances dissolved  in  parolein.  Finally,  subcutaneous  and  intra- 
pulmonary  injections  have  been  devised  and  practised,  chiefly 
at  \entnor,  by  Dr.  Sinclair  Coghill,  with  a certain  amount  of 
benefit,  though  the  proceeding  is  painful,  and  not  without 
risk  in  inexperienced  hands.  Ichthyol,  too,  has  been  given  by 
the  mouth,  and  thiosynamin  by  injection,  but  the  results  of 
later  experiments  do  not  bear  out  the  good  opinion  formed  of 
them  by  their  introducers.  All  of  these  treatments  have  the 
same  object  in  view,  that  of  destroying  the  bacillus,  none  of 
them  being  intended  to  aid  the  system  in  its  own  means  of 
resistance.  Nevertheless,  good  results  have  been  obtained 
for  a time  ; sometimes  this  time  has  just  enabled  a sufferer  to 
rally  up  his  own  powers  of  resistance,  and  so  amelioration  has 
been  the  result.  The  following  is  a case  in  the  author’s  own 
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practice.  The  patient  returned  in  June,  1896,  from  a voyage 
to  Australia.  The  original  disease  (tubercular  deposit  in  the 
right  lung)  had  advanced  considerably,  and  bronchial  rales 
were  to  be  heard  all  over  both  sides  of  the  chest,  but  only 
dulness  on  the  right,  where  softening  was  commencing  ; the 
voice  was  husky,  and  talking  an  effort.  I immediately  took 
him  to  Richard  Lake,  who  diagnosed  abrasion  with  com- 
mencing ulceration  of  the  larynx,  and,  in  order  to  prevent 
virulent  bacilli  from  lodging  upon  the  abrasion,  there  and 
then  administered  an  intratracheal  injection  of  a drachm  of  izal 
(1  per  cent.)  and  parolein.  This  treatment  I persevered  with 
at  first  every  day,  then  every  other  day,  gradually  length - 
ing  the  interval  until  September,  when  the  patient,  then 
nearly  well,  went  to  Biarritz,  where  the  same  treatment  was 
continued.  By  the  middle  of  October  the  larynx  was  com- 
pletely healed.  All  these  treatments,  however,  have  a great 
disadvantage,  which  is,  that  after  a time  they  interfere  with 
the  proper  functions  of  the  cells,  which  suffer  from  a pro- 
longed course  of  antiseptics,  and  consequently  lose  much  of 
their  functional  power.  It  therefore  happens  that  the 
moment  the  antiseptics  are  left  off  the  bacilli  again  make 
headway,  for  which  reason  these  remedies  should  not  be 
persisted  in  too  long. 

Another  attempt  to  cure  tuberculosis  has  been  made  by 
injecting  the  toxins  of  the  tubercle  bacillus  in  minute  doses  into 
the  system.  This  was  called  the  ‘ tuberculin  treatment/  and 
its  disastrous  results  are  matters  of  the  recent  medical  history 
of  our  own  times.  The  treatment  finds  some  advocates 
even  now,  and  upon  the  value  of  this  treatment,  judiciously 
applied,  the  reader  is  referred  to  a valuable  paper  by 
Dr.  J.  Whittaker,  of  Cincinnati,  published  in  the  Lancet , 
October  16th,  1897,  also  a communication  by  Grasset  and 
Yedel  in  the  Semaine  Medicate , February  26th,  1896. 

In  the  spring  of  1897,  Koch  brought  out  a new  tuberculin, 
which  consists  of  a solution  of  the  intracellular  toxins  of  the 
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bacillus.  The  treatment  has  been  fairly  well  tried  in  England, 
in  spite  of  the  unscientific  reasons  for  its  application,  and  the 
general  opinion  seems  to  be  that,  although  it  does  not  do 
positive  harm,  there  are  few,  if  any,  good  results  from  the 
treatment.  To  this  statement  exception  must  be  made  to 
some  remarkably  good  results  obtained  by  Malcolm  Morris  in 
cases  of  lupus,  communicated  to  the  British  Medical  Journal 
(July  24th,  1897)  ; after  a period  of  six  months,  several  of 
these  cases  have  gone  back.  Another  of  these  toxins  is  a 
deutero-pepton,  prepared  by  Klebs,  which  he  calls  ‘ anti- 
phthisin  ’ ; it  is  spoken  of  very  hopefully  by  Carl  von  Ruck, 
but  others  do  not  seem  to  have  had  the  same  success  with  it 
as  he  claims  to  have  had. 

The  antitoxin  or  serum  treatment  has  not  made  much 
progress,  and  for  this  reason,  that  there  is  no  warm-blooded 
animal  that  is  immune  to  tuberculosis,  therefore  a true  anti- 
toxin cannot  be  obtained.  Maragliano  has  prepared  a serum 
which  deserves  a certain  amount  of  notice ; it  is  prepared  by 
mixing  three  parts  of  the  intracellular  poison  of  the  tubercle 
with  one  part  of  its  products,  or  extracellular  toxins,  thus 
forming  a mixture  of  the  original  and  new  tuberculins,  the 
extracellular  toxins  being,  according  to  Maragliano,  extracted 
from  extremely  virulent  cultures.  But  the  author  does  not  tell 
us  how  this  virulence  is  obtained,  which  is  to  be  regretted,  as 
the  chief  difficulty  bacteriologists  have  found  with  this  bacillus 
is  the  seeming  impossibility  of  either  exalting  or  attenuating 
its  virulence.  Of  this  mixture  of  toxins  2 cubic  millimetres 
are  injected  into  horses,  asses,  or  dogs  (animals  refractory  to 
tubercle)  ; this  dose  is  increased  by  1 cubic  millimetre  per  diem 
until  40  or  50  cubic  millimetres  (according  to  the  weight  of 
the  animal)  are  injected,  and  this  dose  is  daily  injected  for  six 
months.  A high  degree  of  immunity  is  thus  produced,  and 
the  serum  is  then  drawn  off  from  these  animals  in  the  usual 
way  and  preserved.  It  has  been  tried  in  human  tuberculosis, 
with  improvement  in  some  cases  that  have  not  been  far 
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advanced  in  the  disease.  Experiment  shows  that  Koch’s 
bacillus  will  not  grow  in  this  serum,  but  this  does  not  prove 
very  much,  as,  conversely,  the  diphtheria  bacillus  will  grow 
very  well  in  the  antitoxin  serum  for  that  disease,  which  is 
powerful  in  checking  its  action  in  the  human  body  when 
injected  sufficiently  early.  It  is  possible  that  Maragliano  has 
modified  the  views  he  expressed  in  1892  ( Berliner  Klin . 
Wochenschr.),  that  the  symptoms  of  phthisis  were  due  more 
to  associations  or  symbiosis  of  microbes  than  to  Koch’s 
bacillus.  If  this  is  so,  I think  the  change  of  opinion  is  in  the 
right  direction. 

I have  now  mentioned  most,  if  not  all,  of  the  attempts  at 
cure,  founded  upon  modern  ideas,  of  this  intractable  disease  ; 
but  all  possess  one  great  drawback  (climate  and  open  air 
excepted),  and  that  is,  that  they  are  more  directed  to  the 
destruction  of  the  bacillus  within  the  system,  than  to  aiding 
and  reinforcing  the  natural  defences  of  the  body. 

I will  here  quote  the  words  of  wisdom  made  use  of  by 
Dr.  Edward  Squire  ( British  Medical  Journal , January  25th, 
1890)  : ‘ The  best  means  we  have  for  destroying  the  tubercle 
bacillus  within  the  body  exist  in  the  action  of  the  living  cells 
and  fluids  of  the  body — the  natural  safeguards  against  dele- 
terious germs.  If  we  drench  the  tissues  with  antiseptics, 
we  may  diminish  the  vitality  of  the  bacilli,  but  at  the  same 
time  we  impair  the  vitality  of  the  “ phagocytic  ” cells,  and 
this  not  only  at  the  disease  centres,  but  throughout  the 
body  ’ (the  italics  are  mine).  These  words  express  clearly 
what  the  true  line  of  treatment  should  be.  This  true  line 
is  also  recognised  by  Dr.  Oscar  Liebreich,  who  proposes  to 
carry  it  out  by  injecting  two  different  substances  into  the 
system,  which,  when  they  meet  within  it,  unite  to  form 
another  substance,  inimical  to  the  bacilli  and  stimulant  to 
the  phagocytic  and  alexin  producing  cells  of  the  body.  The 
substances  employed  by  Liebreich  are  myrosin  and  potassium 
myronate,  which  are  perfectly  harmless  in  themselves,  the 
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latter  possessing  a feeble  antiseptic  power,  nothing  more  ; 
yet  when  these  two  are  mixed,  in  the  presence  of  a fluid,  a 
new  compound,  allyl  sulphocyanide,  is  formed,  which  possesses 
very  powerful  antiseptic  properties,  hut  does  not  readily  com- 
bine with  proteids,  and  therefore  does  not  interfere  with  the 
functions  of  the  cells  within  the  body.  The  two  substances 
are  injected  in  different  places  and  at  different  times,  so  that 
the  formation  of  allyl  sulphocyanide  in  the  tissues  of  the 
body  takes  place  gradually  as  the  two  substances  happen  to 
meet,  and  occurs  in  such  minute  quantities  in  any  given  place 
that  its  otherwise  exceedingly  irritating  property  is  reduced 
to  a minimum,  whilst  the  antiseptic  action  of  the  nascent 
substance  is  the  more  powerful.  The  results  were  certainly 
favourable  upon  tuberculous  guinea-pigs,  especially  upon  the 
spleen.  This  treatment  has  not  yet  been  tried  upon  man,  so 
we  cannot  say  how  the  process  may  affect  the  sensations  of 
the  patient.  It  may  be  exceedingly  painful,  but,  unfortunately, 
the  poor  little  guinea-pigs  cannot  express  their  sense  of  suffer- 
ing ; and  I have  my  doubts  about  the  correctness  of  the  view 
that  the  action  of  the  natural  safeguards  is  stimulated. 

If  we  now  refer  to  Chapter  VII.  of  this  work,  we  shall  be 
reminded  that  in  the  life-history  of  the  yeast  cell  within  the 
body  we  have  certain  chemical  bactericides,  alcohol,  etc., 
thrown  into  the  system  in  a nascent  state,  therefore  fulfilling 
the  aims  of  those  who  rely  upon  the  antiseptic  treatment 
only.  We  see  also  that  the  nucleins  contained  in  the  yeast 
cells  are  almost  identical  with  those  of  the  human  body,  and, 
like  them,  they  are  capable  of  secreting  spermine  or  alexins, 
thereby  aiding  the  natural  safeguards  of  the  body  by  using 
exactly  the  same  weapon  and  the  same  ammunition,  thus 
carrying  out  the  objects  of  Squire’s  remarks  quoted  above. 

Furthermore,  we  have  seen  that  these  yeast  cells,  under 
certain  important  conditions,  have  a very  decided  phagocytic 
power,  and  that  they  not  only  assist  the  natural  safeguards 
by  stimulating  them  with  medicine,  with  food,  and  with  the 
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moral  effect  of  reinforcement,  but  they  actually  make  use  of 
means  of  waging  warfare  against  bacilli  in  the  system,  that 
was  unsuspected,  even  in  the  leucocytes,  until  a very  few 
years  ago.  I have  had  a most  interesting  experience  of 
the  phagocytic  power  of  yeasts  within  the  system.  On 
September  19th,  1897,  a patient,  undergoing  the  ferment 
treatment,  received  an  injection  of  backerine  in  the  right 
sub-scapular  region.  On  October  15  th  his  expectoration 
was  examined.  Besides  the  usual  elements,  there  were  a 
few  pus  corpuscles,  numerous  cocci,  but  no  tubercle  bacilli 
were  seen  in  this  specimen.  M.  Lachenaud,  who  was  work- 
ing this  specimen  with  me,  called  my  attention  to  a curious 
object,  looking  something  like  a chain  of  streptococci  of 
enormous  size,  but  unstained,  transparent,  and  of  a pale 
straw  colour.  I was  puzzled  for  the  moment  as  to  what 
it  could  be ; by  raising  and  lowering  the  micrometer 
screw  I made  out  two  chains,  one  partly  superimposed 
upon  the  other,  and  then  I suddenly  recognised  them  to  be 
yeast  cells  in  the  form  of  hyphomycetes.  This  is  a form 
which  might  have  been  expected  from  sojourn  in  the  lungs, 
wherein  oxygen  is  plentiful  [vide  Chapter  VI.,  Experi- 
ment IV.  (7)].  Close  examination  of  these  hyphomycetes 
showed  that  the  third,  fourth,  and  sixth  link  of  the  chain 
contained  within  them  some  highly  refracting  bodies,  bearing 
such  a strong  resemblance  to  Koch’s  bacillus  as  to  be  identical 
with  it.  The  top  link  of  the  underchain  also  contained  a 
bacillus,  and  the  last  link  of  this  chain  appeared  to  have  a 
little  tail,  which  may  have  been  a bacillus  lying  end  on  with 
the  cell. 

I have  never  seen  yeast  cells  in  this  hyphomycetic  form 
before  this  with  bacilli  englobed,  and  I imagine  that  this 
is  the  first  time  that  yeast  cells  have  ever  been  seen  to 
have  passed  out  through  the  human  system  carrying  bacilli 
inglobed  within  them  at  their  exit.  There  was  no  question 
as  to  the  bacilli  being  really  within  the  cells,  for  they  dis- 
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Yeast  cells  of  the  liyphomycetic  form,  found  in  the  expectoration 
of  a patient  under  treatment.  Drawn  to  show  the  liability  of  an 
observer  to  mistake  crinkles  and  outlines  of  the  degenerated  cells 
for  inglobed  bacilli. 


The  Ferment  Treatment  of  Cancer  and  Tuberculosis. 
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Fig.  A. 


Saccharomyces  Ce  revisin',  from  the  expectoration  of  a patient 
under  treatment , containing  the  tubercle  bacillus  inglobed.  One 
bacillus  is  seen  lying  free;  a micrococcus  is  seen  lying  above  a 
single  yeast  cell , and  not  inglobed  within  it. 
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appeared  and  reappeared  equally  with  the  cells  when  the 
micrometer  screw  was  turned  either  way,  thereby  proving 
that  they  lay  on  the  same  plane. 

I regarded  this  discovery  as  of  enormous  importance,  as 
proving  the  practical  success  of  that  part  of  the  treatment 
which  depends  upon  phagocytosis.  Unfortunately,  this  par- 
ticular slide  got  broken,  but  another  had  been  made  from  the 
same  expectoration.  In  this  we  found  many  yeast  cells,  both 
of  the  ordinary  oval  shape  and  of  the  hyphomycetic  form. 
Some  of  them  seemed  to  contain  bacilli,  but  I think  they  were 
only  folds  in  the  envelope  of  the  cells.  Finally  we  came  upon 
one  conidia  with  a very  evident  bacillus  inglobed,  stained  red. 
Near  by  was  a hyphomycetic  chain,  the  top  link  of  which  con- 
tained a bacillus  ingdobed.  In  the  same  field  were  a few  other 
yeast  cells,  but  empty,  though  in  the  top  part  of  the  field  was 
a single  oval  yeast  cell  with  a micrococcus  lying  upon  its 
superior  surface,  and  this  was  especially  useful  in  serving  as 
a comparison  to  the  inglobed  bacillus.  Lastly,  lying  below 
the  single  cell  containing  the  bacillus  lay  a free  typical 
tubercle  bacillus,  stained  a very  evident  carmine ; this  was 
the  only  free  tubercle  bacillus  we  could  find  in  either  prepara- 
tion. A sketch  of  this  field  was  made  with  the  camera  lucida, 
which  I here  reproduce,  as  well  as  a drawing  I made  of  a 
hyphomycetic  chain  from  the  lung  of  another  patient  about 
two  months  later.  This  is  more  highly  magnified,  and  is 
drawn  to  show  how  easy  it  is  to  mistake  crinkles  in  the 
outside  membrane  for  inglobed  bacilli.  We  not  infre- 
quently find  yeast  cells  in  the  lungs  of  those  under  treatment, 
but  it  is  most  rare  to  find  any  bacilli  inglobed ; this  may 
probably  be  because  the  yeast  cells  at  the  time  of  their  expul- 
sion from  the  body  are  beginning  to  undergo  degenerative 
changes.  The  red  colour  of  the  bacillus  will  help  to  distinguish 
the  difference  between  inglobed  bacilli  and  folds  of  the  outer 
membrane.  Yeasts  that  have  been  through  the  body  do  not 
stain  well ; this  is  supposed  to  betoken  degeneration.  The 
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slide  mentioned  above  we  have  still,  for  future  reference,  care- 
fully marked  and  labelled. 

Regarding  the  actual  administration  of  the  ferments,  I 
have  not  much  to  add  to  what  was  said  in  Chapter  VII.,  p.  128. 
It  would  be  well,  I think,  after  the  first  three  or  four  injec- 
tions, to  be  careful  that  the  system  does  not  get  to  rely  too 
much  upon  auxiliary  forces,  the  object  being  to  reinforce  and 
not  effect  a substitution,  even  if  that  were  possible.  The  best 
places  for  injection  are  the  supraspinous  regions,  the  inter- 
scapular space,  a region  near  the  anterior  border  of  the  scapula 
or  posterior  border  of  axilla,  also  the  infraclavicular  region 
towards  the  mesial  line,  low  down  near  the  origin  of  the 
pectoralis  major,  according  to  the  side  diseased.  We  vary 
the  spot  at  each  inoculation  ; should  both  lungs  be  affected, 
then  alternate  the  side.  In  cases  of  tabes  mesenterica,  the 
left  flank  near  the  spleen  is  the  best  region,  or,  if  the  abdomen 
is  much  distended,  near  the  apex  of  Scarpa’s  triangle  on  either 
side,  whence  it  will  soon  find  its  way  into  the  lymphatic 
stream  of  the  abdomen. 

The  signs  of  improvement  in  phthisis  first  noticed  are 
increased  arterial  tension,  good  sleep,  reduction  of  night 
sweats  (although  these  always  occur  after  a reaction),  lessened 
moist  sounds  in  the  lungs,  with  general  increase  of  energy. 
The  expectoration  becomes  more  aerated  and  less  nummular, 
whilst  the  microscope  reveals  fewer  pus  cells  and  fibres,  also 
fewer  strange  associated  bacteria  in  the  sputum  of  those  in  the 
second  and  third  stages  of  the  disease. 

Like  all  remedies,  the  ferment  treatment  is  most  valuable 
in  the  early  stage,  that  of  invasion,  and  before  the  products 
of  the  bacilli  have  had  time  to  poison  the  system.  In  such 
cases  we  may  confidently  expect  from  85  to  90  per  cent,  of 
arrested  disease,  if  not  cures  ; usually  the  arrest  is  permanent. 
In  the  second  stage  the  cure  takes  longer  to  produce  good 
results,  but  those  who  have  been  patient  and  persevering  have 
been  well  rewarded  ; many  patients  whose  livelihood  depends 
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upon  their  work  have  been  enabled  to  continue  with  it  during 
the  treatment,  but  those  who  can  afford  to  rest  get  on  much 
faster.  It  is  hard  for  a delicate  girl  with  chest  mischief  to  go 
running  about  and  serving  in  a crowded  shop  all  day,  but 
many  do  it,  receiving  their  injection  on  a Saturday  night,  and 
are  at  work  again  on  the  Monday.  Considering  the  draw- 
backs, their  progress  towards  cure  is  wonderfully  satisfac- 
tory. 

In  the  third  stage  so  much  depends  upon  the  amount  of 
lung  tissue  remaining  between  the  infected  foci.  Many  such 
cases  improve  marvellously,  especially  if  the  symptoms  of 
poisoning  by  the  toxins  do  not  predominate.  If  there  is  suffi- 
cient strength  left  in  a naturally  good  and  unvitiated  con- 
stitution, even  in  the  third  stage,  we  may  expect  much, 
especially  in  cases  of  unilateral  phthisis,  in  which  one  lung 
can  do  all  the  work  whilst  the  other  is  recuperating. 

After  an  injection  the  expectoration  is  often  increased,  and 
contains  more  bacilli ; it  will  be  noticed  also  that  these  bacilli 
become  sporulated,  as  if  hardening  themselves  against  attack. 
It  really  seems  as  though  the  contents  of  the  cavities  were 
squeezed  out  to  make  room  for  the  healthier  products  of  a 
granulating  surface,  and  it  will  be  noticed,  as  the  treatment 
continues,  that  the  expectorations  become  very  much  reduced 
in  size. 

Naturally,  we  do  not  get  a sudden  restoration  to  health 
after  one  or  two  injections.  We  do  not  expect  miracles, 
neither  will  they  happen,  but  we  shall  get  much  solid  satisfac- 
tion from  the  treatment.  We  have  not  discovered  the  elixir 
of  life,  but  we  are  introducing  what  we  profoundly  believe  to 
be  a more  rational  and  natural  method  of  cure  than  any  that 
has  yet  been  devised.  After  a few  weeks’  treatment  we  shall 
generally  find,  on  looking  back,  that  our  patients  are  uncon- 
sciously doing  more,  show  more  inclination  to  interest  them- 
selves in  things,  are  not  inclined  to  retire  so  early,  and  feel  that 
they  would  like  to  walk  a little  more  and  find  that  they  can. 
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The  treatment  must  be  persevered  with,  but  not  pushed  to 
extreme.  It  should  be  used  with  the  discretion  we  use  when 
we  apply  bandages  and  splints  to  injured  joints.  We  support 
them  when  they  need  support,  but  never  allow  them  to  depend 
always  upon  artificial  support ; so  with  the  natural  safeguard 
cells,  they  must  not  be  spoilt  and  led  to  think  that  their  work 
will  always  be  done  for  them — if  so,  their  energy,  at  first 
aroused  by  emulation  and  appui,  will  sink  into  lethargy,  the 
whole  system  will  suffer  and  succumb  in  consequence.  Other 
interesting  points  concerning  personal  management,  and,  above 
all,  diet,  must  be  passed  over  now  and  reserved  for  a future 
work,  this  not  being  intended  as  an  exhaustive  treatise  on 
disease. 

For  experiments  made  upon  animals  artificially  rendered 
tubercular,  the  reader  is  referred  to  De  Backer’s  book  upon  ‘ The 
Therapeutics  of  Ferments,’  Tuberculosis,  third  part,  p.  401. 
Some  of  those  experiments  I have  witnessed,  but  have  neither 
repeated  nor  initiated  them.  All  the  experiments  in  vitro 
mentioned  in  this  book  I have  verified  in  my  own  laboratory. 


CHAPTER  X. 

DIVISION  I.,  CLASS  A. — ZYMOTIC  DISEASES. 

Diseases  in  which  the  pathogenic  microbe  is  recognised  : 

1.  Diphtheria.  5.  Septicaemia. 

2.  Ulcerative  Endocarditis.  6.  Pneumonia. 

3.  Typhoid  Fever.  7.  Influenza. 

4.  Malarial  Fever.  8.  Puerperal  Fever. 

The  three  first  diseases  will  be  considered  separately  and 
in  detail,  as  I have  personal  experience  of  the  treatment 
of  them  by  pure  ferments  ; of  the  others  I have  no  personal 
experience. 

In  cases  of  septicaemia,  both  in  its  ordinary  form  and  that 
fatal  form  which  occurs  in  the  puerperal  state  ; in  pyaemia, 
also,  even  with  its  secondary  abscesses,  the  yeast  cells  are 
more  likely  to  reach  the  focus  of  distribution  than  any  remedy 
with  which  we  are  acquainted,  and  would  certainly  destroy 
the  infective  power  of  any  emboli  which  they  might  meet 
with  in  the  blood  current.  In  woolsorter’s  disease,  or  any 
zymosis  from  bacterial  invasion,  we  can  well  imagine  that 
any  remedy  which  can  reinforce  the  natural  defences  of  the 
system  would  be  a most  appropriate  remedy  with  which  to 
combat  the  disease ; therefore  I should  not  hesitate  to  apply 
this  treatment  at  once  in  such  cases,  but,  without  experience, 
I must  limit  myself  to  calling  attention  to  the  fact  that  the 
field  seems  very  favourable  for  careful  trial. 

Influenza  is  usually  so  quickly  over,  and  so  little  fatal  in 
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the  early  stages  when  uncomplicated,  that  it  is  probable  that 
we  shall  not  use  it  much  for  this,  unless  the  treatment 
becomes  so  general  that  few  practitioners  will  be  without 
a stock  of  tubes  for  various  purposes.  The  cells  for  this 
complaint  will  be  fed  in  the  same  manner  as  those  for 
phthisis. 

In  cases  in  which  the  influenza  bacillus  has  paved  the  way 
for  the  pneumococcus,  we  have  to  deal  with  a far  more  serious 
and  fatal  disease ; therefore  the  sooner  this  malignant  partner- 
ship is  dissolved  by  the  destruction  of  the  two  microbes  and 
the  neutralization  of  their  toxins,  the  earlier  and  better 
chance  will  the  patient  have  of  throwing  off  his  disease  and 
escaping  chance  of  unfavourable  termination  ; especially  is 
this  the  case  with  elderly  people,  who  bear  the  injection  and 
reaction  remarkably  well,  and  in  whom  the  good  effects  of  the 
treatment  are  most  marked. 

It  is  well  known  that  the  influenza  bacillus  very  soon  dies 
out  in  cultivation,  and  I have  good  reason  to  believe  that  a 
similar  condition  occurs  within  the  body.  This  probably 
occurs  from  its  products,  or  toxins,  being  very  deleterious  to  its 
own  vitality.  To  avoid  complete  destruction,  it  is  capable  of 
throwing  itself  into  a state  of  spore,  a property  possessed  by 
most  bacilli,  in  which  state  it  preserves  a latent  vitality, 
though  powerless.  The  toxins  are  now  quickly  eliminated 
from  the  body,  so  that  the  fluids  and  humours  once  more 
become  favourable  to  the  growth  of  the  bacillus,  which  then 
emerges  from  its  latent  state,  proliferates,  and  causes  what  is 
known  as  a recrudescence  of  influenza. 

It  is  certain  that  in  many  cases  the  toxins  of  the  influenza 
bacillus  produce  a prostrating  effect  upon  the  strength  of  the 
patient  out  of  all  proportion  to  the  initial  severity  of  the 
attack,  and  I am  inclined  to  think  that  the  ferment  treatment, 
by  neutralizing,  these  toxins,  may  often  restore  to  vigorous 
health  the  poor  wrecks  that  influenza  leaves,  also  that  it 
would  entirely  prevent  this  recrudescence,  which  some  unfor- 
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tunates  seem  never  able  to  shake  off.  I quote  here  an  extract 
from  a letter  written  by  Dr.  Charlier,  of  Paris  : 

‘ There  is  one  disease  against  which  ferments  appear  to  me 
to  act  in  a wonderful  manner.  It  is  influenza.  I have  noticed 
that  my  patients  under  injections  for  tuberculosis  escaped 
influenza  in  the  midst  of  the  epidemic  which  affected  every 
other  member  of  the  family.  I have  seen  some  taken  with 
influenza  when  they  have  been  rather  a long  time  without  an 
injection,  but  in  these  cases  a single  injection  has  quickly 
cured  them.  I have  not,  nevertheless,  systematically  treated 
my  influenza  patients  by  injection  of  yeasts,  but  I think  it 
should  be  tried  by  someone  who  has  a good  field  for  experi- 
ment, such  as  at  a hospital.’ 

These  remarks  entirely  tally  with  my  own  views  and 
experience. 


DIPHTHERIA. 

If  I do  not  in  this  work  give  a very  prominent  place  to  so 
important  a disease  as  this,  as  I have  done  in  previous  chapters 
to  tuberculosis,  it  is  not  because  diphtheria  merits  it  the  less, 
but  because  in  tuberculosis  it  was  necessary  to  point  out  the 
peculiar  action  of  the  bacillus  of  that  disease,  its  different 
mode  of  behaviour  to  any  other  known,  and  the  reason  of  the 
failure  of  all  ordinary  treatments,  together  with  the  sugges- 
tion that  the  rational  auxiliary  resistance  supplied  by  pure 
yeast  ferments  would  be  likely  to  succeed. 

In  diphtheria,  as  a general  rule,  when  taken  at  an  early 
stage,  we  may  safely  rely  upon  the  powerful  action  of  anti- 
diphtheritic  serum,  the  employment  of  which  has  so  much 
lessened  the  mortality  of  this  disease.  Great  as  has  been  the 
success  of  this  treatment  when  compared  to  any  other,  still, 
its  general  efficacy  is  not  so  universally  recognised  nor 
accepted  as  many  who  have  seen  one  or  two  cases  may  think. 
This  has  been  pointed  out  by  Professor  Liebreich  and  others. 
A few  brilliant  successes  do  not  constitute  an  unfailing 
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method,  for  many  failures  have  to  be  constantly  recorded 
from  treatment  by  antitoxin.  These  failures  may  be  due  to 
several  causes  besides  the  most  ordinary  one  of  being  too  late, 
such,  for  instance,  as  from  errors  in  standardizing,  insufficiency 
of  dose,  etc.  But  it  is  no  part  of  my  work  to  enter  into  the 
causes  of  failure,  but  only  to  show  that  we  have  another 
remedy  of  great  potency,  and  that  in  cases  in  which  the  time 
has  gone  by  wherein  success  from  antitoxin  may  reasonably 
have  been  expected,  even  then  we  need  not  despair.  Becent 
observations  are  leading  me  to  the  opinion  that  pure  ferments 
cultivated  as  for  tuberculosis  have  the  power  of  giving  a spur 
to  the  system,  and  so  enabling  antitoxins  to  aid  in  the  cure 
which  otherwise  would  have  been  too  late. 

As  in  other  experiments  upon  animals,  the  reader  is  again 
referred  to  the  work  by  De  Backer,  wherein  he  will  find  some 
very  interesting  observations  upon  rabbits  which  received 
inoculations  of  cultures  of  the  diphtheria  bacillus  in  the  vein 
of  the  ear,  and  which  duly  recovered  under  injections  of 
backerine.  Here  I will  record  two  cases  in  which  the  action 
of  these  pure  ferments  was  so  marked  that  I believe  in  the 
future  we  shall  be  able  to  save  innumerable  cases,  both  of 
those  who  now  die  from  the  initial  severity  of  the  attack,  and 
of  those  who  succumb  to  the  after-effects  produced  by  the 
toxins  of  the  Klebs- Loffler  bacillus  : for,  as  already  stated,  the 
peculiarity  of  this  bacillus  is  its  teletyptic  power — that  is, 
although  it  is  itself  very  little  distributed  in  the  tissues  of 
the  body,  yet  it  is  able  by  means  of  its  toxins  to  set  up  a 
necrosing  action  upon  the  tissues  at  a distance  from  its 
habitat. 

The  first  of  these  cases  was  that  of  a little  girl,  aged  three 
years,  whose  entire  symptoms  were  limited  to  the  nasal  and 
naso-pharyngeal  passages  as  far  as  could  be  ascertained. 
There  was  never  any  membrane  on  the  throat,  neither  were 
there  any  croupous  symptoms  ; all  that  could  be  noted  was 
a yellowish-pink,  gelatinous-looking  discharge,  which  used  to 
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appear  at  the  nostrils,  forming  a brownish  crust  where  exposed 
to  the  air.  The  same  kind  of  discharge  could  be  seen  descend- 
ing from  the  posterior  nares.  The  rhinoscope  revealed  no  false 
membrane,  yet  this  discharge  possessed  that  peculiar  odour 
that  those  who  have  seen  much  of  this  disease  must  recognise, 
which  I regard  as  pathognomonic  of  diphtheria,  and  I have 
found  many  experienced  nurses  who  hold  the  same  opinion. 
To  decide  the  question,  a culture  of  the  discharge  was  made 
upon  a slice  of  potato  dipped  in  bouillon  ; this  yielded  the 
microbe  of  pseudo-diphtheria,  but  not  the  Klebs-Loftler  bacillus. 
The  culture  was  not  made  until  several  days  had  elapsed.  As 
the  ferments  in  this  disease  had  only  then  been  tried  by  injec- 
tion into  animals,  I limited  myself  to  the  local  application  of 
ferments  mingled  with  fermentable  matters.  These  had  to  be 
made  fresh  daily,  as  I was  at  that  time  only  in  possession  of  a 
very  modest  laboratory.  This  mixture  was  syringed  up  the 
nose,  and  applied  to  the  naso-pharynx  by  means  of  a curved 
brush.  This  was  repeated  several  times  a day  with  very 
great  relief  to  the  little  patient,  so  much  so  that  after  a few 
applications  she  made  no  further  objection  to  them.  At  the 
end  of  ten  days  all  discharge  had  ceased,  the  ferments  were 
stopped,  and  a weak  solution  of  formalin  was  used  instead. 
There  gradually  came  on  a nasal  way  of  talking,  showing  some 
paralysis  of  the  velum.  This  was  accompanied  by  albuminuria, 
which  in  a few  days  became  of  very  great  intensity  ; the  child 
was  very  weak,  but  not  prostrated.  Ten  days  later  all  the 
albuminuria  had  finally  disappeared  ; the  little  girl  was 
brighter  and  better,  with  increased  appetite.  There  was, 
however,  slight  paralysis  of  the  lower  limbs,  which  soon  passed 
off*.  I was  then  called  away  to  the  South  of  France,  leaving 
my  little  patient  convalescent,  yet  in  less  than  a week  the 
paralysis  again  declared  itself,  finally  attacking  the  diaphragm 
quite  suddenly,  and  causing  death  from  apncea.  I am  con- 
vinced, from  subsequent  observation,  that  had  the  pure 
ferments  been  injected  into  the  child’s  system  the  deadly 


1 88  FERMENT  TREATMENT  OF  CANCER  AND  TUBERCULOSIS 

necrosing  action  of  the  bacillary  toxins  would  have  been 
neutralized  by  the  nuclein  of  the  yeast  cells.  It  has  been 
proved  in  animals,  artificially  rendered  diphtheritic,  that  a cure 
has  been  manifested  when  ferments  have  been  injected  after 
an  interval  of  time  that  would  preclude  any  justification  of 
the  expectation  of  success  by  antitoxin,  which,  furthermore, 
is  powerless  against  after-effects. 

The  second  case  was  that  of  a lady  between  fifty  and  sixty 
years  of  age,  who  complained  of  sore  throat  one  Sunday  morn- 
ing after  a rather  uncomfortable  night.  By  the  late  afternoon 
the  condition  of  the  throat  had  become  so  irksome  and  painful 
that  she  sought  medical  advice.  When  I saw  her  about  six 
o’clock,  I found  the  usual  symptoms  of  fever  ; the  tonsil  on  the 
left  side  was  inflamed  and  red  (but  not  dusky  red),  and  upon 
it  appeared  numerous  small  gray  patches ; the  glands  on  this 
side  were  tender,  the  tongue  covered  with  a creamy  fur. 
Temperature  101 ‘4°  ; no  albuminuria.  The  diagnosis  was  not 
clear,  but  the  case  was  isolated  and  treated  as  one  of  early 
diphtheria.  The  next  morning  no  doubt  existed  ; all  the  little 
patches  had  coalesced  to  form  a membrane,  from  which,  later 
in  the  day,  the  bacillus  of  diphtheria  was  taken  by  a swab. 
The  temperature  was  now  102,6°,  with  all  the  symptoms  of  the 
night  before  increased.  The  patient  felt  very  ill,  and  was 
much  depressed.  By  mid-day  I had  prepared  some  backerine 
from  an  old  culture  that  was  quite  pure  enough  for  local  use, 
but  not  for  purposes  of  injection.  This  was  sprayed  liberally 
upon  the  throat  every  two  hours,  the  backerine  being  kept  in 
a small  ballon  plugged  with  cotton-wool,  and  plunged  in  ice 
to  prevent  fermentation.  Until  mid-day,  when  the  tempera- 
ture had  risen  to  103°,  the  throat  had  been  sprayed  and 
mopped  with  a solution  (1  in  2,000)  of  perchloride  of  mercury; 
but  when  the  backerine  was  ready,  this  was  substituted  for 
the  corrosive  sublimate.  The  medicine  was  continued.  This 
consisted  of  the  perchlorides  of  iron  and  mercury  with 
glycerine.  By  the  evening  the  temperature  had  fallen  to 
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101  '6°;  all  feverish  symptoms  were  lessened,  and  the  appearance 
of  the  throat  had  much  changed  for  the  better.  The  membrane 
seemed  thinner,  and  the  base  much  less  inflamed  ; the  glands, 
also,  were  much  less  painful  and  tender.  The  patient  expressed 
herself  as  much  relieved,  had  lost  all  her  anxiety  and  distress, 
took  her  nourishment  well,  and  seemed  inclined  to  sleep.  The 
next  day  (Tuesday)  I found  that  the  patient  had  had  a very 
good  night,  taking  nourishment  at  intervals,  and  felt  quite 
herself ; the  temperature  was  only  99°.  The  throat  showed 
very  little  membrane  left,  though  the  tonsil  looked  very  raw. 
Same  treatment  continued  : during  the  night  the  throat  had 
been  well  sprayed  before  the  administration  of  food.  In  the 
evening  the  temperature  was  normal,  the  membrane  all  gone, 
and  no  pain  or  tenderness  in  the  glands.  From  this  time  the 
spray  and  medicine  were  gradually  discontinued,  and  the 
patient  recovered  rapidly  without  any  further  symptom. 

In  this  case,  the  probability  is  that  the  ferments  followed 
up  the  bacillary  products  almost  as  quickly  as  they  were 
formed,  so  that  they  never  got  thoroughly  into  the  system  ; 
also  that  the  bacilli  were  engaged  with  the  yeast  cells  m situ, 
many  being  destroyed  by  the  phagocytic  power  of  the 
saccharomyces  ; for,  although  prepared  from  an  old  culture,  I 
had  given  them  one  fermentation  in  a high  temperature,  and 
so  roused  them  into  full  activity.  The  suj)eriority  of  the  sac- 
charomyces over  the  perchloride  solution  in  clearing  off  the 
membrane  and  giving  ease  and  relief  to  the  patient  impressed 
the  nurse,  who  chiefly  administered  the  spray,  as  much  as  it 
did  me.  This  case  strengthened  the  conviction  at  which  I 
had  been  gradually  arriving,  that  in  these  pure  ferments  we 
have  a most  potent  and  efficacious  means  of  destroying  Loffler’s 
bacillus,  and  of  neutralizing  its  destructive  and  fatal  powers, 
and  this  in  a manner  quite  innocuous  to  the  patient. 
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ULCERATIVE  ENDOCARDITIS. 

Of  this  disease  I have  but  one  case  to  record,  induced,  not 
by  the  bacteria  which  usually  cause  this  disease,  but  by  the 
bacillus  of  influenza ; and  I am  inclined  to  think,  from  reports 
that  reach  me  about  the  deaths  from  influenza,  that  this 
disease  follows  an  attack  more  often  than  is  generally  sus- 
pected. 

My  patient  was  a man  fifty-six  years  of  age,  short,  thick- 
set, stout,  florid,  of  more  than  ordinary  muscular  strength, 
and  temperate  in  his  habits.  He  first  came  under  my  care, 
as  he  had  suffered  from  general  liver  derangement,  with  slight 
jaundice,  from  which  no  treatment  seemed  to  give  him  any 
relief ; he  was  getting  steadily  worse,  and  came  to  me  for 
advice.  The  history  I obtained  from  him  was  that  two  years 
previously  he  underwent  a very  severe  and  sudden  muscular 
strain,  under  conditions  of  great  excitement,  with  the  imme- 
diate consequences  of  faintness  and  prostration.  Since  that 
time  he  had  suffered  from  palpitations  during  the  exercise  of 
his  business,  that  of  a butcher.  This  was  followed  by  short- 
ness of  breath  upon  any  exertion,  headaches,  bad  dreams,  and 
digestive  troubles.  All  his  symptoms,  as  well  as  the  venous 
engorgement  present,  were  really  due  to  insufficiency  of  the 
aortic  valve,  which  had,  no  doubt,  partly  given  way  during 
the  violent  exertion.  Under  rest  and  treatment  he  improved 
very  much,  and  was  eventually  allowed  to  resume  his  business 
under  limited  conditions.  Some  two  months  later  he  had  a 
slight  attack  of  influenza,  but  on  getting  about  again  he  felt 
all  his  old  symptoms  return.  He  then  came  to  live  tempo- 
rarily near  me  for  treatment,  but  a few  days  after  his  arrival 
was  again  attacked,  this  time  very  sharply,  with  influenza. 
His  condition  was  one  of  an  asthenic  fever,  the  heart  being 
especially  embarrassed,  the  pulse  becoming  irregular  both  in 
force  and  frequency,  with  a dusky  hue  of  face  and  a venous 
congestion  of  hands  and  feet.  The  urine  became  scanty  and 
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high-coloured,  and  the  temperature  assumed  a hectic  character. 
Slight  jaundice  showed  itself,  accompanied  by  dyspnoea  and 
great  prostration  ; the  face  was  anxious  and  the  mind  greatly 
depressed.  The  patient  and  his  friends  now  made  up  their 
minds  to  but  one  possible  ending.  All  medicines  seemed 
worse  than  useless,  and,  as  time  went  on,  the  heart  failure 
became  more  pronounced. 

Remembering  a case  of  undoubted  ulcerative  endocarditis, 
under  the  care  of  Sir  William  Broadbent,  which  had  much 
improved  by  the  ingestion  of  yeasts,  I was  guided  to  the  use 
of  backerine  in  this  case,  knowing  what  power  it  possessed  over 
microbes,  though  being  quite  unaware  of  the  action  it  might 
have  over  a heart  in  such  a plight  as  this  ; but  I injected 
about  seven  o’clock  one  evening  a full  tube  (lj  c.c.)  in  the 
region  of  the  spleen.  The  reaction  began  about  four  hours 
afterwards,  and  was  very  violent,  being  accompanied  by  con- 
siderable delirium ; at  one  time  the  patient  even  got  out  of 
bed  ; afterwards  he  slept,  and  sweated  profusely.  The  effect 
of  the  injection  was  very  good,  for  by  morning  the  tempera- 
ture had  fallen  to  normal,  but  not  below  it,  as  it  had  done 
before  ; also  medicines  which  seemed  powerless  before  now 
began  to  take  effect,  and  all  the  emunctory  organs  acted 
well.  The  system  seemed  to  have  been  whipped  into  life,  the 
difference  in  the  pulse  being  remarkable,  no  trace  of  mitral 
disturbance  being  apparent.  Perhaps  I am  behind  the  times 
in  not  being  able  to  state  that  there  was  a difference  of  some 
2 inches  in  the  size  of  the  heart,  but  I am  quite  satisfied 
with  the  other  symptoms  of  amelioration  that  I observed. 

A few  days  afterwards  another  injection  of  half  a tube 
was  given  with  much  less  reaction,  and  three  weeks  afterwards 
he  was  well  enough  to  return  to  his  home.  I11  two  months 
he  was  enabled  to  attend  a little  to  his  business.  Since  that 
time  he  has  continued  to  improve,  only  coming  to  see  me 
occasionally ; indeed,  I have  not  seen  him  now  for  four 
months,  but  I hear  that,  with  occasional  attacks  of  dyspnoea, 


192  ferment  treatment  of  cancer  and  tuberculosis 


he  keeps  well  by  attending  strictly  to  rule.  In  this  case,  I 
admit,  the  diagnosis  is  open  to  criticism  ; the  gravity  of  the 
condition  of  the  man  is  not.  A practitioner  who  saw  him 
shortly  before  the  administration  of  the  injection  told  me  that 
he  never  expected  to  see  him  leave  the  room  alive,  and  my 
opinion  quite  coincided  with  his. 

Considering  that  the  bacillus  of  influenza,  since  its  dis- 
covery by  Pfeiffer  in  1892,  has  become  definitely  known  as 
the  cause  of  the  disease,  and  that  it  can  be  found  in  the  blood 
of  those  attacked,  also  that  in  this  case  there  was  (and  is  still) 
an  undoubted  aortic  lesion,  I think  it  not  unfair  to  conclude 
that  the  bacillus  had  here  set  up  a bad  form  of  endocarditis, 
whether  ulcerative  or  not,  very  similar  to  that  form  far  more 
often  recognised  as  being  produced  by  pyogenic  bacteria, 
though  certainly  in  this  case  there  were  no  signs  of  emboli 
present.  The  success  of  this  treatment  in  a man  who  other- 
wise seemed  bound  to  die  gives  me  every  encouragement  to 
resort  to  pure  ferments  in  the  future  whenever  I may  meet 
with  cases  of  ulcerative  endocarditis  in  which  the  diagnosis  is 
clear  and  undoubted,  any  other  treatment  being  usually,  and 
almost  invariably,  of  no  effect. 

TYPHOID  FEVER. 

In  this  disease  we  have  to  deal  with  a bacillus  whose 
habitat  is  at  first  local,  in  the  solitary  glands  and  agminated 
patches  of  the  small  intestine,  though  later  on  it  invades  the 
body  through  the  lymphatic  system.  It  can  be  found  in  the 
mesenteric  glands,  very  numerously  in  the  spleen,  sometimes 
in  the  liver  and  kidneys,  seldom  in  the  blood,  and  very  rarely 
in  the  heart.  Although  this  seems  to  be  a fairly  wide  distri- 
bution, it  is  much  less  than  that  of  many  zymotic  diseases  ; 
in  this  we  often  find  the  larger  organs  not  at  all  infected  by 
the  presence  of  the  bacillus,  yet  the  typhoid  bacillus  has  the 
same  power  of  teletypton,  or  striking  from  a distance,  as  is 
possessed  by  the  bacilli  of  tuberculosis  and  diphtheria  ; conse- 
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quently  we  find  the  tissues  of  these  organs  subjected  to 
cloudy  swelling,  and  other  cellular  degenerations — necroses 
produced  by  the  bacillary  toxins.  The  frequency  of  pneu- 
monia in  cases  of  typhoid  is  probably  much  more  due  to  this 
necrosing  action  having  weakened  the  resistance  of  the  lung 
tissues,  and  so  permitted  a secondary  invasion,  this  time  of  the 
pneumococcus,  than  to  hypostasis  alone. 

The  period  of  incubation,  during  which  time  the  bacillus 
is  only  exerting  its  influence  upon  the  exterior  or  cortical  part 
of  the  glands,  is  about  fourteen  days,  as  far  as  can  be  ascer- 
tained ; after  this  the  symptoms  of  zymosis  begin.  These 
symptoms  are  very  gradual,  for,  of  all  diseases,  this  is  the 
most  insidious  and  most  dishonest ; frequently,  indeed,  the 
onset  is  so  gradual  and  marked  by  so  few  definite  symptoms 
that  the  very  nature  of  the  disease  is  unsuspected  until  grave, 
and  sometimes  fatal,  symptoms  suddenly  manifest  themselves. 
Patients  have  been  known  to  walk  into  the  casual  room  of 
hospitals  and  apply  for  relief  from  symptoms  of  what  they 
expressed  as  a bad  griping  and  feeling  of  prostration,  the 
real  mischief  being  perforation  of  the  intestine,  followed  by 
death  in  a few  hours.  I well  remember  some  few  years  ago 
a young  officer  on  his  return  from  shooting  in  Ireland  seeking 
my  advice  on  account  of  feeling  languid,  easily  tired,  and 
generally  slack.  It  was  in  the  afternoon,  and  his  temperature 
was  then  102*6°.  I proceeded  to  find  out  the  reason  of  it,  but 
he  objected  to  what  he  considered  unnecessary  fuss,  telling 
me  that  he  knew  I could  put  him  all  right  without  all  that. 
However  flattering  to  my  vanity  this  may  have  been,  it 
was  totally  contrary  to  my  practice,  and  it  was  only  my 
refusal  to  prescribe  for  him  that  induced  him  to  submit.  I 
said  to  him,  ‘ Suppose,  for  instance,  you  were  suffering  from 
typhoid  and  I overlooked  it,  what  confidence  could  you  have 
in  me  for  the  future  V These  words,  indeed,  seemed  like  a 
prophecy,  for  examination  showed  him  to  be  in  the  second 
week  of  typhoid  fever. 
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Now,  it  is  fortunate  for  suffering  humanity  that  the 
temperature  chart,  when  it  has  been  kept  fairly  regularly, 
gives  us  a very  early  indication  as  to  what  the  malady 
really  is,  and  for  the  future  1 hope  to  give  the  patient  the 
benefit  of  pure  ferments  whenever  the  temperature  exhibits 
the  pathognomonic  peculiarities.  We  may  thus  scotch  the 
bacilli  before  they  have  much  damaged  the  glands.  Within 
the  last  year  we  have  had  another  valuable  and  confirmatory 
diagnostic  test,  signalled  by  Widal,  whose  genius  discovered 
it,  and  popularized  in  this  country  by  Surgeon-Majors  Wright 
and  Semple,  A.M.S.,  at  Netley. 

Now,  the  toxins  of  the  typhoid  bacillus  are  so  powerful 
that,  even  in  those  cases  which  recover,  convalescence  is 
always  slow,  sometimes  painfully  so.  I doubt  if,  in  the 
ordinary  run  of  cases,  the  patient  is  ever  quite  himself  again 
until  after  about  two  years  have  elapsed  since  the  attack,  not 
even  then  if  the  patient  be  young  and  school-work  be  forced 
on  him  too  soon,  in  order  to  pass  some  examination. 

One  special  and  peculiar  feature  of  this  disease  is  the 
tendency  to  relapse,  when  the  whole  symptoms  are  gone 
through  again.  This  is  the  more  remarkable,  as  one  attack 
of  this  disease  is  usually  considered  to  confer  immunity  upon 
the  system  to  any  future  invasion.  To  this  general  rule  I am 
acquainted  with  three  exceptions,  in  which  a second  attack 
occurred.  In  one  case  the  second  attack  ended  in  a relapse  ; 
in  another  the  interval  between  the  two  attacks  was  twelve 
years,  each  attack  being  exceedingly  severe  and  nearly  costing 
the  patient  his  life. 

Regarding  treatment,  I believe  that  no  disease  rewards 
one  so  much  for  skilled  and  devoted  nursing  ; but  it  must  be 
allied  to  the  experience  and  grasp  of  actual  morbid  conditions 
on  the  part  of  the  physician.  Yet  although  the  temperature 
may  be  lowered  by  packs  or  quinine,  the  powers  of  life  sustained 
by  proper  and  judicious  feeding,  the  distressed  intestines  kept 
quiet  and  soothed,  their  peristaltic  action  being  controlled  by 
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opium,  their  contents  rendered  antiseptic  by  salol,  benzo- 
naphthol  or  creasote,  even  the  microbe  partly  attacked  and 
made  unhappy  by  nascent  chlorine  gas — in  spite  of  all  this, 
we  cannot  really  affect  the  disease,  we  have  absolutely  no 
means  of  destroying  the  bacillus,  none  of  neutralizing  its 
toxins,  nor  any  of  aiding  the  natural  defenders  and  safeguards 
of  the  body — the  nuclein-bearing,  alexin-secreting  cells — in 
their  hard  fight.  Can  yeasts,  in  the  form  of  backerine,  do 
this?  We  might  expect  something,  for  we  know  that  yeast 
cells  do  reinforce  the  natural  cells,  that  they  do  bring 
auxiliary  phagocytosis  to  the  aid  of  the  economy,  but  what  can 
we  say  about  them  practically  ? In  answer,  I would  refer 
the  reader  to  a case  reported  by  Dr.  Cadell  ( British  Medical 
Journal , October  29th,  1897,  p.  1 289).  Another  case,  the  very 
first  in  which  pure  ferments  were  ever  applied  by  injection, 
was  under  the  care  of  Dr.  Morgan,  of  Seaford,  which  1 now 
record  in  full. 

A CASE  OF  TYPHOID  FEVER  TREATED  BY  THE  INJECTION 

OF  PURE  FERMENTS. 

Vere  M.,  aged  eleven  years,  schoolboy. 

Tuesday,  May  1 1th,  1897. — On  getting  up  in  the  morning 
felt  out  of  sorts,  but  had  been  perfectly  well  the  day  before, 
and  had  slept  well  during  the  night.  He  had  no  appetite  for 
breakfast,  and,  as  he  was  noticed  to  be  dull  and  listless,  his 
temperature  was  taken  at  10  a.m.  ; this  registered  99°.  There 
was  some  headache,  and  the  tongue  was  somewhat  foul.  The 
boy  seemed  to  have  the  ordinary  symptoms  of  gastric  catarrh,  or 
symptoms  which  are  commonly  termed  biliousness,  consequently 
he  was  kept  indoors  and  carefully  dieted.  In  the  afternoon, 
feeling  unable  to  read  or  play,  and  having  a great  desire  for 
rest,  he  lay  down  on  the  schoolroom  floor,  where  he  was  shortly 
found  and  sent  to  bed.  He  was  inspected,  and  the  skin  found 
very  hot  and  dry,  the  tongue  dry  and  furred.  The  temperature 
had  risen  to  103 '4°.  He  complained  much  of  heaviness  and 
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headache  ; there  was  no  sickness,  no  constipation,  no  shunning 
of  light  nor  objection  to  noise.  On  the  other  hand,  there  had 
been  no  epistaxis  nor  any  diarrhoea  ; the  bowels  had  acted 
naturally. 

May  12th. — Morning  temperature  101’8°.  Symptoms 
much  the  same  as  in  the  afternoon  of  the  day  before.  The 
patient  was  kept  in  bed,  and  was  seen  that  morning  by 
Dr.  Morgan.  The  body  was  sponged  with  tepid  water,  and 
damp  cloths  were  kept  on  the  head,  which  ached  and  still  felt 
heavy.  Milk  diet  was  ordered,  with  beef-tea  twice  in  the 
day.  Evening  temperature  104*2°.  One  grain  of  quinine 
was  prescribed  to  be  given  every  hour. 

May  13 th. — Morning  temperature  101*6°.  During  the 
night  there  had  been  a little  wandering.  Throughout  the 
day  the  symptoms  remained  as  on  the  day  before.  The  bowels 
acted  naturally.  Evening  temperature  104*2°. 

May  1 bth. — Morning  temperature  101°.  No  change  in 
symptoms.  Bowels  open  naturally.  Evening  temperature 
104*4°. 

May  1 6th. — Morning  temperature  100*8°.  The  wander- 
ing delirium  had  become  more  marked  during  the  night. 
During  the  morning  the  temperature  rose  rapidly.  A wet 
pack  was  given  in  the  afternoon,  though  it  had  no  effect  in 
bringing  down  the  temperature,  yet  it  seemed  to  check 
its  rapid  rise.  Evening  temperature  104*6°. 

May  17 th. — Morning  temperature  101*4°.  Patient  very 
delirious  all  the  previous  night,  and  seemed  very  feeble  after 
it,  though  fairly  bright  in  his  mind.  The  temperature  soon 
began  to  rise  rapidly,  when  a pack  was  prescribed,  but  the 
temperature  was  not  reduced,  nor  was  any  action  produced 
upon  the  skin.  As  the  temperature  still  continued  to  rise, 
and  the  fever  was  exhausting  the  patient,  the  pack  was 
repeated  in  the  afternoon,  with  hot  beef-tea  and  brandy 
administered  to  cause  diaphoresis  if  possible.  No  effect  was 
produced.  Evening  temperature  104*6°.  An  hour  later,  at 
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7 o’clock,  It  was  105°.  By  that  time  I had  arrived,  and  we 
held  a consultation.  The  symptoms  noted  were  : The  skin 
burning  to  the  touch  ; abdomen  tumid,  with  tenderness  on 
pressure  over  the  right  iliac  fossa ; no  gurgling ; the  area  of 
splenic  dulness  decidedly  increased  ; on  the  left  side  of  the 
abdomen  two  or  three  slightly  elevated  rose-coloured  spots, 
disappearing  on  pressure,  but  immediately  reappearing  on 
removal  of  the  pressure.  Pulse  120,  soft,  and  of  a running 
character.  Breathing  28,  short  and  thoracic.  Lungs  and 
heart  normal.  A specimen  of  blood  was  taken  from  the 
thumb  in  a Widal’s  tube,  to  be  sent  by  next  post  to  the 
Clinical  Research  Association.  The  quinine  and  packs  having 
failed  to  reduce  the  temperature  or  induce  skin  action,  and 
the  increasing  tumidity  of  the  abdomen,  combined  with  the 
great  loss  of  strength  and  bad  pulse,  showing  danger  only 
too  near,  also  the  uncertainty  engendered  by  the  absence  of 
the  usual  diarrhoea,  determined  us  to  disinfect  the  intestinal 
canal  by  means  of  salol  given  in  powders  of  5 grains  each 
every  four  hours  (but  this  could  not  be  obtained  until  the 
following  night).  Feeling  that  time  was  of  all  importance, 
and  judging  that  the  pure  ferment,  injected  hypodermically, 
might  have  the  same  effect,  or  at  least  somewhat  the  same,  as 
I knew  it  to  have  upon  the  diphtheria  and  tubercle  bacillus,  I 
thought  it  right  to  make  the  experiment,  also  knowing  it 
could  do  no  harm.  Dr.  Morgan  was  also  anxious  to  see  the 
results.  Accordingly,  at  9.30  p.m.  \ c.c.  of  backerine  was 
injected  into  the  left  flank  in  the  region  of  the  spleen. 

At  10.15  the  boy  was  asleep,  but  kept  starting  up  and  so 
hurting  the  side  on  which  the  injection  had  been  made  ; his 
hands  also  were  constantly  twitching.  The  reaction  as 
regards  temperature  was  well  marked. 

At  midnight  (two  and  a half  hours  after  injection)  the  tem- 
perature was  105 '2°.  He  was  then  quite  sensible  and  collected  ; 
he  drank  some  milk,  but  afterwards  became  restless  and  not 
able  to  sleep  ; the  mouth  was  dry,  with  much  thirst. 

May  18 th. — At  1 a.m.  he  complained  of  aching  in  his  left 
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leg  and  side  when  he  moved,  which  prevented  him  from 
sleeping. 

2 a.m. — Sleeping  better,  but  breathing  heavily  and  talking 
in  his  sleep. 

2.30  a.m.  (five  hours  after  injection). — Temperature  106 '2C. 

3.30  a.m. — Side  painful  at  spot  of  inoculation  ; patient 
had  difficulty  in  getting  off  to  sleep  again. 

4.15  a.m.  (seven  hours  after  injection). — Temperature, 
105-8°. 

5.30  a.m. — Patient  felt  pain  in  the  left  side  on  deep  in- 
spiration ; there  had  been  no  delirium  since  the  first  sleep. 

6.5  a.m.  (eight  and  a half  hours  after  injection). — Tem- 
perature 105-6°. 

7.30  a.m.  (ten  hours  after  injection). — Temperature  104*8°. 
The  pulse,  108,  showed  much  more  tone  and  tension  than  the 
previous  evening,  and  was  full  and  regular.  The  abdomen 
decidedly  less  tumid  and  rounded  than  yesterday  ; tenderness 
over  spot  of  inoculation.  Thoracic  respiration  32.  Only  one 
rose-coloured  spot  on  the  abdomen  remained.  Milk  taken 
three  times  during  the  night. 

10  a.m.  (twelve  and  a half  hours  after  injection). — Tem- 
perature 104  "4°.  Patient  dozed  from  time  to  time,  breathing 
through  both  nostrils  and  keeping  the  mouth  shut.  Gugglings 
were  occasionally  heard  in  the  abdomen,  and  felt  by  the  hand 
placed  over  the  right  iliac  fossa.  The  left  side  very  tender  to  the 
touch  over  the  area  of  injection,  with  some  superficial  swelling 
and  hypermmia.  All  the  former  rose-coloured  spots  had  dis- 
appeared ; one  fresh  one  was  noted. 

1.30  p.m. — Temperature  104°.  The  patient  heavy  and 
sleepy  ; the  side  still  painful,  causing  him  to  start  suddenly. 
The  body  was  sponged. 

4 p.m. — Temperature  105°.  The  patient  had  just  come 
out  of  a very  peaceful  sleep,  and  there  appeared  no  reason  for 
the  rise. 

6 p.m. — Temperature  105°.  Patient  seemed  heavy  and 
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drowsy,  breathing  heavily  when  asleep  ; complained  of  his 
legs  feeling  stiff. 

8 p.m. — Temperature  105°.  Salol  cachets  commenced. 
No  action  of  the  bowels  since  the  day  before. 

9.30  p.m. — Temperature  104°.  The  body  was  sponged  all 
over  with  cold  water. 

12  (midnight). — Slept  since  10  p.m.  very  soundly,  but  with 
heavy  breathing  and  muscular  twitching,  muttering  and 
talking  in  his  sleep.  Temperature  104*4°.  Face,  neck  and 
hands  sponged. 

May  19 tli,  2 a.m. — Temperature  103°. 

6 a.m. — Temperature  102°. 

8 a.m. — Temperature  102°. 

The  patient  woke  occasionally  during  the  night,  falling 
asleep  again  almost  immediately,  but  rest  disturbed  by  talking 
and  starting  in  his  sleep.  Towards  morning  he  was  much 
brighter  ; the  mouth  was  dry  and  parched,  but,  with  the 
exception  of  the  place  of  injection,  he  complained  of  no  pain. 
Milk  and  Valentine’s  meat-juice  were  well  partaken  of  during 
the  night.  Sponged  with  tepid  water. 

10  a.m. — Temperature  102*2°.  Very  bright  and  cheerful, 
with  very  little  pain  at  the  spot  of  injection.  Three  fresh 
rose-coloured  spots  noticed  on  the  right  side  over  the  border 
of  the  ribs.  Tongue  less  furred  and  more  red. 

1.30  p.m. — Temperature  103*2°.  On  account  of  there 
having  been  no  action,  an  enema  was  administered,  which 
produced  a small  loose  action,  causing  some  abdominal  pain. 

4 p.m. — Temperature  104*4°  after  a quiet  sleep.  The  body 
was  then  sponged  with  cold  water. 

6 p.m. — Temperature  102*8°.  Profuse  perspiration  ; said 
he  felt  well,  and  had  110  pain  except  on  breathing  deeply. 

8.1 5 p.m. — Temperature  102*2°.  Soon  went  to  sleep;  woke 
at  9.45,  and  had  a little  Valentine’s  meat-juice.  Felt  com- 
fortable and  sleepy.  Woke  again  at  10.45  feeling  thirsty, 
had  a drink  of  milk,  and  again  fell  asleep. 
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May  20 th,  12  [midnight). — Temperature  103 '4°.  Woke  up 
feeling  very  hot ; the  skin  was  hot  and  dry.  Face,  chest, 
arms,  and  legs  sponged  with  cold  water.  At  12.40  was  per- 
spiring profusely,  and  then  fell  off  to  sleep,  at  first  quietly, 
then  with  talking:. 

2.15  ci.m. — Temperature  101°.  Patient  woke  up  rather 
startled,  as  if  he  had  had  an  unhappy  dream.  Still  perspir- 
ing. Went  to  sleep  again  very  shortly,  but  kept  mutter- 
ing. 

4.30  a.m. — Woke  up  very  bright. 

5.30  a.m. — An  enema  was  administered  with  very  good 
effect ; a relaxed  movement,  with  scybala  very  offensive. 

6 a.m. — Temperature  102 ’4°.  Slept  again  with  a good 
deal  of  starting  in  the  sleep. 

7.15  a.m. — Woke  up  very  bright,  and  said  he  felt  all  right ; 
lips  dry  and  cracked. 

8 a.m. — Temperature  101  *6°.  Sponged  all  over  with 
tepid  water.  Took  milk  and  Valentine  well  throughout  the 
night,  also  the  cachets  of  salol  at  regular  intervals  as  ordered. 
The  night  on  the  whole  was  a quiet  one,  and  he  was  able  to 
turn  on  to  his  side. 

10  a.m. — Temperature  102*8°.  Complained  of  hunger,  and 
asked  for  something  to  eat.  No  pain  in  side  except  on 
turning.  Arms,  chest,  and  legs  sponged  with  cold  water, 
after  which  he  slept,  but  awoke  feeling  very  weak.  The  spots 
of  the  previous  day  were  still  present,  also  one  or  two  fresh 
ones.  A report  was  received  from  the  Clinical  llesearch 
Association  stating  that  the  specimen  of  blood  sent  up  for 
examination  gave  the  reaction  for  typhoid  in  50  per  cent, 
serum  and  5 per  cent,  dilution,  thus  confirming  the  diagnosis 
beyond  all  question. 

12  [mid-day). — Temperature  102*6°.  Went  to  sleep,  but 
this  became  disturbed,  with  startings  and  talking.  Woke  at 
3 p.m.  feeling  very  weak  and  drowsy. 

3.15  p.m.— Temperature  103*8°.  Arms,  neck,  and  legs 
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sp°nged  with  cold  water.  Fell  asleep,  and  woke  up  feeling 
much  brighter  and  more  cheerful. 

6 p.m. — Temperature  102°.  Slept  comfortably  and  without 
talking. 

8.30  p.m. — Temperature  103*4°.  Fell  asleep  again,  but 
muttering. 

10.35  p.m. — Temperature  103°.  Awoke  feeling  thirsty ; 
felt  hot,  but  the  skin  was  moist ; was  sponged,  after  which  he 
perspired  freely. 

May  2U2,  1.30  a.m. — Awoke  thirsty,  but  perspiring  freely. 
Temperature  100°. 

3.45  a.m. — Temperature  102°.  Had  been  sleeping  with 
some  talking. 

6 a.m. — Temperature  102*6°.  Slept  till  7 o’clock,  when 
he  awoke  and  seemed  bright. 

8 a.m. — Temperature  101*8°.  Skin  sponged  with  tepid 
water. 

10.30  a.m. — Temperature  100*4°.  Seemed  cheerful ; a few 
fresh  spots  were  noticed  under  the  right  arm. 

12  (noon). — Temperature  101*2°.  Was  sponged,  after 
which  he  slept,  but  awoke  suddenly,  not  knowing  where  he  was. 

5 p.m. — Temperature  102*8°. 

6 p.m. — Temperature  103*8°.  Sponged  with  cold  water. 

7.20  p.m. — Temperature  103*2°. 

8 p.m.— Felt  very  hot,  uncomfortable,  and  sleepy. 

9 p.m. — Arms,  legs,  and  face  sponged  with  cold  water. 

9.15  p.m. — Temperature  100*8°.  Fell  asleep,  and  slept 

very  quietly. 

May  22nd,  12.30  a.m. — Temperature  101*4°.  Awoke  for 
a few  minutes. 

2.30  a.m. — Housed  up  for  a minute  or  two ; the  skin  felt 
dry  and  hot  to  the  touch. 

4.30  a.m. — Temperature  101°.  Felt  hot,  but  perspiring 
profusely. 

5.30  a.m. — Awoke;  enema  given,  with  the  result  of  a 
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small  semi-formed  stool,  partly  loose  and  one  scybalous  mass, 
not  so  offensive,  fie  looked  white  and  weak  after  this,  and 
2 drachms  of  brandy  were  given  with  some  milk  ; he  soon 
came  round. 

6.30  a.m. — Temperature  99 *4° ; this  was  taken  three 
times  to  make  sure.  He  was  very  bright,  and  trying  in  a 
feeble  way  to  sing. 

7.30  a.m. — Washed  and  sponged  all  over  with  warm  water. 

8 a.m. — Temperature  99°.  Milk,  barley-water,  and  Valen- 
tine’s meat-juice  taken  well  throughout  the  night ; passed  a 
very  fair  night,  seemed  cheerful,  but  very  weak. 

9.30  a.m. — Temperature  100*6°. 

12  (mid-day). — Temperature  102°.  Was  sleepy  and  weak  ; 
was  sponged  with  cold  water. 

2.30  p.m. — Temperature  102*6°.  Awoke  ; arms,  neck,  and 
legs  sponged  with  cold  water. 

4 p.m. — Temperature  102*4°.  Awoke  feeling  hungry ; food 
ordered  to  be  increased,  and  to  include  chicken-jelly  and  beef- 
tea  ; action. 

6 p.m. — Temperature  101*4°.  Very  cheerful;  seemed 
better  for  increase  of  food  ; soon  asleep. 

9.40  p.m. — Temperature  101*6°. 

12  (midnight). — Temperature  100*4°.  Awoke,  expressing 
himself  as  feeling  all  right  ; skin  moist. 

May  23rd. — Slept  quietly,  with  occasional  starts. 

2.15  a.m. — Temperature  100*4°. 

4.30  a.m. — Temperature  99*2°. 

6.30  a.m. — Temperature  99°. 

8.30  a.m. — Temperature  98*4°.  Tongue  cleaner,  but  breath 
somewhat  offensive.  Was  washed  and  sponged  all  over  with 
warm  water.  Took  food  (milk  and  meat-juice)  well. 

10  a.m. — Temperature  99*2°. 

12  (mid-day). — Temperature  101*4°.  Seemed  dull  and 
sleepy;  arms,  neck,  and  legs  sponged  with  cold  water  without 
the  effect  of  preventing  the  temperature  from  rising  steadily. 
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3.30  p.m. — Temperature  103°.  Patient  was  hot,  rest- 
less, and  refusing  food;  was  sponged,  upon  which  the  tem- 
perature fell  a little. 

4.30  p.m. — Temperature  102'6°.  Several  fresh  spots 
appeared  ; pulse  108,  feeble  and  quick.  No  change  had  been 
made  in  the  diet  beyond  a cup  of  cocoa  at  10  a.m.  I came 
down  to  see  him,  and  a consultation  was  held,  and  as  a 
relapse  seemed  impending,  another  hypodermic  injection  of 
ferments  was  agreed  upon.  Accordingly,  ^ c.c.  of  backerine 
was  administered  as  before,  the  remainder  of  the  tube  being 
given  by  the  mouth  (a  tube  contains  about  1^  c.c.).  The 
inoculation  was  given  in  the  left  flank,  below  the  spot  of  the 
first.  Several  fresh  rose-coloured  spots  were  noticed.  Some 
time  after  the  injection  there  appeared  a slight  redness  (local 
leucocytosis)  for  about  2 inches  around  the  puncture. 

6 p.m. — Temperature  102  ’4°.  Seemed  cooler  and  better 
than  during  the  afternoon.  Pulse  100,  respirations  30. 

8 p.m. — Temperature  104 ‘4°.  Fell  asleep. 

9 p.m. — Temperature  105 ’2°.  Awoke  feeling  very  hot  and 
thirsty,  and  continued  so  for  some  time.  The  skin  was  dry 
and  hot  to  the  touch.  Fell  into  a heavy  sleep.  Respirations 
30  to  40. 

11  p.m. — Temperature  105°.  Awoke,  and  felt  very  thirsty. 
Complained  of  pain  and  tenderness  all  over  the  left  flank  ; 
quite  rational — no  delirium ; head  dull  and  aching.  Cold 
compresses  applied.  Soon  slept  again,  breathing  quietly. 

12  [midnight). — Temperature  105°.  Awoke  feeling  very 
thirsty,  but  not  at  all  delirious.  Body  sponged,  and  cold 
still  applied  to  the  head. 

May  24 th. — Fell  into  a deep  sleep  ; face  flushed,  breathing 
heavily  with  mouth  open  ; respirations  34  ; slight  twitching 
of  right  arm.  Awoke  at  1 a.m.  very  thirsty,  with  throat  dry 
and  sore. 

2 a.m. — Temperature  105-2°.  Awoke  feeling  thirsty  ; face 
and  hands  sponged  ; side  painful,  but  dozed  off  into  an  uneasy 
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sleep,  with  movements  of  the  legs  and  right  arm.  Breathed 
with  his  mouth  shut  and  nostrils  slightly  dilated.  Respir- 
ations 30. 

4 a.m. — Temperature  104-2°.  Said  he  felt  all  right.  Slept 
again,  with  muttering  and  talking,  lying  on  his  back  with 
both  knees  drawn  up. 

6 a.m. — Temperature  104-4°.  Throat  dry  and  sore.  Enema 
administered  with  good  result ; action  relaxed,  with  two  semi- 
solid masses  and  two  green  pieces  of  mucus,  or  slough. 
Passed  less  urine  this  night  than  usual.  Sponged. 

8.15  a.m. — Temperature  101  "6°.  Went  to  sleep  with  his 
mouth  open.  Looked  exhausted,  and  lay  flat  on  his  back. 
Tongue  not  so  thickly  coated — much  cleaner.  Abdomen  and 
left  side  very  tender. 

10  ci.m. — Temperature  103 "4°.  Seemed  rather  brighter, 
and  quite  clear.  Very  thirsty,  side  painful. 

12  (noon). — Temperature  103°.  No  fresh  spots;  good 
perspiration. 

12.40  p.m. — Temperature  102’6°.  Awoke  feeling  hungry. 
Wanted  to  be  read  to,  but  soon  went  to  sleep. 

4 p.m. — Temperature  103 "6°,  but  had  had  a good  sleep, 
lying  on  his  side.  Tongue  cleansed  ; later  on  complained  of 
giddiness  ; still  pain  in  abdomen. 

6 p.m. — Temperature  104-2°.  Looked  hot  and  flushed, 
but  perspired  freely.  Was  sponged  ; very  thirsty. 

8.10  p.m. — Temperature  102*8°.  Soon  went  to  sleep. 

10  p.m. — Temperature  102*8°.  Free  perspiration  during 
sleep. 

Midnight. — Temperature  100-8°.  Abdomen  around  punc- 
ture tender,  but  he  had  slept  well  on  his  side.  Free  per- 
spiration ; breathing  very  quiet. 

May  2 5th,  2 a.m. — Temperature  100 '8°. 

4 a.m. — Temperature  100*4°. 

6*15  a.m. — Temperature  100°. 

Only  woke  up  just  to  take  food,  sleeping  well  and  per- 
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spiring  freely.  Looked  pale  and  pinched.  The  abdomen  was 
tender  to  the  touch,  but  not  tumid.  A little  redness  to  be 
seen  around  the  umbilicus,  and  tenderness  on  the  left  side  at 
the  point  of  puncture.  A slight  rash  appeared  on  chest  and 
between  shoulders  (sudamina).  Sponged  all  over  with  warm 
water. 

8.30  a.m, — Temperature  98*8°.  Very  cheerful. 

10.30  a.m, — Temperature  99°. 

1 p.m. — Temperature  99  ‘4 Very  well  all  morning. 
Abdomen  looking  red,  but  was  much  less  painful.  Tongue 
cleaner,  skin  moist,  no  fresh  spots.  A quinine  and  chlorine 
mixture  now  prescribed  in  addition  to  the  salol. 

3 p.m. — Temperature  100°.  Looked  white  and  thin. 

5 p.m. — Temperature  99*8°.  Complained  of  hunger.  The 
patient’s  voice  seemed  much  stronger. 

6 p.m. — Temperature  99*8°. 

8.30  p.m. — Temperature  99*8°.  Free  perspiration. 

10  p.m. — Temperature  98*4  . 

May  2 6th,  2 a.m. — Temperature  98 '4°. 

6 a.m. — Temperature  98°. 

8.30  a.m. — Temperature  97*6°. 

The  patient  passed  a very  quiet,  good  night,  only  waking 
for  nourishment.  Looked  very  white  and  thin  in  the  early 
morning.  Abdomen  still  tender  to  the  touch  ; but  there  was 
no  redness  nor  any  sign  of  bed-sores.  Tongue  cleaner,  but 
lips  still  dry  and  sore.  Lanoline  applied. 

10.30  a.m. — Temperature  98*2°. 

12.45  p.m. — Temperature  98*4°.  Perspiring. 

4 p.m. — Temperature  100°.  Felt  very  hot;  then  fell 
asleep,  breathing  rather  quickly. 

6 p.m. — Temperature  101°.  Slept  most  of  the  afternoon, 
only  rousing  for  food.  He  always  seemed  to  fall  into  an 
exhausted  kind  of  sleep  whenever  the  temperature  was  rising. 
There  had  been  no  alteration  in  diet. 

8 p.m. — Temperature  101*2°. 
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10  p.m. — Temperature  101*2°. 

12  (midnight). — Temperature  101*4°. 

May  2 7 th,  2 a.m. — Temperature  101°. 

4 a.m. — Temperature  100°. 

6.30  a.m. — Temperature  99°. 

Sleep  on  the  whole  was  quiet,  with  occasional  restlessness 
and  heavy  breathing ; skin  moist  and  perspiring ; looked 
pinched  and  pale,  and  his  eyes  sunken,  with  dark  rims  round 
them  ; only  awoke  to  take  food.  An  enema  was  given ; no 
undigested  food  detected  ; motion  very  offensive  : liquid,  with 
three  small  constipated  masses.  Pain  and  tenderness  all 
gone  from  the  abdomen.  Passed  a large  quantity  of  urine 
during  the  last  twenty-four  hours. 

8.30  a.m. — Temperature  98°. 

10  a.m. — Temperature  98*4°. 

1 j).m. — Temperature  99*2°. 

4.25  p.m. — Temperature  100*4°. 

6.10  p.m. — Temperature  100*6°. 

8.30  p.m. — Temperature  99*4°. 

Since  early  morning  he  seemed  decidedly  better ; very 
cheerful  when  awake  ; slept  quietly.  Took  food  well,  beef- 
tea,  jelly,  and  chicken-jelly,  also  milk  as  before  ; a little  brandy 
when  disturbed  for  any  reason. 

10  p.m. — Temperature  98*8°. 

12  ( midnight ). — Temperature  98°. 

May  28th,  4 a.m. — Temperature  97*8°. 

6 a.m. — Temperature  97  8°. 

8 a.m. — Temperature  97*6°. 

Slept  peacefully  all  night,  only  rousing  momentarily  for 
food.  Had  no  pain,  but  looked  very  pale  and  washed  out. 
Skin  moist.  Feet  slightly  desquamating.  Tongue  white,  but 
not  thickly  coated  ; brighter  and  better  than  at  the  same 
hour  on  the  previous  day.  Partook  of  Valentine’s  meat-juice 
chiefly  through  the  night. 

10  a.m. — Temperature  98°. 
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8 p.m.— Temperature  98-4°.  The  temperature  had  re- 
mained throughout  the  day  with  very  little  fluctuation,  the 
patient  was  very  bright  all  day,  sleeping  but  little,  and  feeling 
decidedly  stronger  ; talked  about  getting  up.  look  food  well. 

12  (midnight). — Temperature  96*6°. 

May  29 th,  8 a.m. — Temperature  9 7 ‘4  . 

Patient  slept  well  all  night,  with  free  perspiration,  look 
food  well.  Received  an  enema  at  6 a.m.  with  much  the  same 
result  as  before.  Salol  discontinued. 

From  now  onwards  the  progress  to  recovery  was  steady. 
Great  perspirations  occurred  from  time  to  time,  but  the 
strength  improved  daily.  The  temperature  remained  prac- 
tically normal. 

May  31s£. — The  chlorine  medicine  changed  to  digitalis  and 
strychnia. 

June  1st. — Benger’s  food  given,  and,  later  on,  champagne. 
The  change  of  food  seemed  to  have  a beneficial  effect ; felt 
continually  hungry.  No  natural  action  of  bowels  ; an  enema 
administered  every  or  every  alternate  day. 

June  3rd. — Cocoa  and  arrowroot  allowed  as  well  as 
Benger.  Perspirations  less.  Tongue  not  yet  quite  clean,  but 
improved  gradually  until  the  7th,  when  it  became  quite  clean. 
A great  increase  of  strength  was  noticed,  the  patient  turning 
easily  and  naturally  in  his  sleep. 

June  8 th. — Prescribed  a mixture  of  kola-nut,  strychnia, 
and  tinct.  aurantii. 

June  Oth. — Boiled  bread  and  milk  allowed,  also  sponge- 
cake with  the  cocoa. 

June  10 th. — Fish  given.  Later  on  bread-and-butter  ; 
he  was  then  allowed  gradually  to  return  to  solid  food,  after 
which  he  rapidly  picked  up  strength,  especially  when  he  was 
able  to  be  carried  out  into  the  bracing  sea- air. 

I am  indebted  for  these  notes  to  Dr.  Morgan  and  to  Miss 
F.  J.  Stone,  who  nursed  him  most  devotedly.  This  disease  was 
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not  caught  at  the  school,  whose  sanitary  arrangements  leave 
nothing  to  be  desired. 

The  notable  features  in  this  case  were  the  rapid  cessation 
of  the  symptoms  we  get  to  look  upon  as  unfavourable,  and 
the  fall  of  temperature  directly  the  reaction  was  over ; also 
the  freedom  from  delirium  after  the  injections  was  very 
marked.  I do  not  account  for  the  seeming  relapse  which 
occurred  on  May  23rd,  when  the  temperature  rose  suddenly, 
accompanied  by  another  crop  of  spots  and  general  worse  con- 
dition of  the  patient.  The  only  alteration  in  diet  was  the 
one  cup  of  cocoa.  It  may  have  been  that,  for  often  quite 
slight  causes  are  sufficient.  From  the  temperature  chart  it 
would  seem  that  there  was  a gradual  lysis  from  the  time  of 
injection,  when  the  temperature  was  105°,  to  the  normal  on 
the  sixth  day  afterwards,  which  would  be  the  twelfth  day  of 
the  disease. 

It  is  difficult  to  record  on  paper  the  aspect  of  a patient, 
but  those  who  nursed  him  noticed  the  increase  of  vitality 
given  to  the  patient  by  the  backerine  ; both  of  them  observed 
the  case  very  closely,  and  took  most  excellent  notes  of  it. 
All  those  who  were  engaged  in  the  case  appreciated  the  power 
of  the  remedy  over  the  disease. 

At  the  time  of  deciding  upon  injecting  these  pure  cultures 
of  yeasts,  I was  quite  unaware  that  typhoid  fever  had  ever 
been  treated  by  yeasts  in  any  way,  but  some  months  after- 
wards I received  a letter  from  M.  de  Bavay,  of  East  Mel- 
bourne, expressing  interest  in  the  work,  and  giving  me  an 
account  of  the  work  he  had  already  done  in  regard  to  typhoid 
fever  by  means  of  yeasts.  This  information  was  conveyed  in 
a pamphlet  reprinted  from  the  Australian  Medical  Journal. 
What  the  author  says  is  so  interesting  that  I shall  quote  him 
at  length. 

The  author  begins  by  telling  us  that  Dr.  O’Hara  brought 
to  him  for  analysis  a milky-looking  fluid  which  he  believed 
to  be  possessed  of  antiseptic  and  deodorizing  properties, 
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this  fluid  having  escaped  from  the  thoracic  duct  through 
an  ulceration.  A microscopical  examination  did  not  show  the 
presence  of  any  bacteria,  and  the  ordinary  cells  and  corpuscles 
of  chyle  were  all  that  could  be  detected.  Quantities  of  this 
chyle  were  then  sown  in  sterilized  flasks  containing  broth  and 
malt  extract.  x\fter  twenty -four  hours  a growth  of  some 
organism  was  detected  ; a few  hours  afterwards  a brisk  fer- 
mentation started  in  those  flasks  which  contained  the  malt 
extract.  It  was  ascertained  that  the  growth  in  the  flasks 
containing-  the  broth  was  of  the  same  nature,  and  having 
identified  both  as  saccharomyces,  M.  de  Bavay  assumed 
their  presence  to  be  due  to  contamination  ; thereupon  nothing 
further  was  done. 

Some  months  afterwards  these  flasks  were  again  examined, 
and,  to  the  surprise  of  the  author,  who  had  sown  plenty  of 
chyle,  no  bacteria  had  made  their  appearance  in  either 
medium.  Thereupon  he  sowed  some  of  these  saccharomyces 
in  fresh  food  solutions,  and  was  agreeably  surprised  to  find 
that  they  still  remained  very  active. 

To  further  test  the  power  of  these  saccaromyces  to  resist 
the  growth  of  bacteria,  some  germs  of  putrefaction  were  mixed 
with  them.  The  result  was  that  the  saccharomyces  developed 
very  rapidly,  whilst  it  was  difficult  to  find  traces  of  the 
germs  of  putrefaction.  Some  of  these  saccharomyces  added 
to  matter  undergoing  putrefaction  and  very  foul-smelling, 
removed  the  offensive  odour  in  a very  short  time.  In  these 
experiments  media  were,  of  course,  used  in  which  both 
organisms  could  develop  separately.  These  experiments 
accord  with  those  mentioned  in  Chapter  IV.,  p.  72. 

The  author  then  gives  a short  story  about  yeast,  all  of 
which  has  been  already  described  in  earlier  chapters  of  this 
work.  He  then  goes  on  to  say  a few  words  about  the  bacillus 
of  typhoid,  limiting  himself  to  a very  few  remarks,  chiefly 
mentioning  its  polymorphous  appearance,  depending  upon 
media,  temperature,  etc.,  and  its  great  motility,  especially  in 

14 


2io  FERMENT  TREATMENT  OF  CANCER  AND  TUBERCULOSIS 


regard  to  a peculiar  oscillating  movement  very  characteristic 
of  this  bacillus. 

A series  of  experiments  upon  yeasts  and  the  typhoid 
bacilli  were  now  instituted. 

(a)  To  ascertain  the  suitability  of  different  media  for  the 
growth  of  typhoid  bacilli.  Four  flasks  were  prepared,  each 
containing  a sterilized  solution  of  (1)  broth;  (2)  milk; 
(3)  yeast-water;  (4)  hopped  malt  extract.  The  typhoid  bacilli 
grew  best  in  the  broth.  They  grew  slowly  in  the  milk,  but 
attained  a large  size.  Their  growth  in  the  yeast-water  was 
very  considerably  retarded,  no  growth  appearing  at  all  until 
after  four  days  had  elapsed,  although  the  flask  had  been  kept 
at  a temperature  of  98c  F.  In  the  hopped  malt  extract,  no 
growth  occurred  whatever. 

(b)  To  ascertain  the  action  of  yeasts  on  typhoid  bacilli. 
Four  flasks  were  partly  filled  with  broth,  to  which  3 per  cent,  of 
honey  had  been  added.  These  were  then  sterilized.  No.  1 
received  a trace  of  typhoid  culture  ; No.  2 a trace  of  pure 
yeast;  No.  3 equal  parts  of  typhoid  culture  and  yeasts  from 
flasks  Nos.  1 and  2 ; No.  4 received  a trace  of  pure  yeast  and, 
twenty-four  hours  afterwards,  a large  quantity  of  typhoid 
bacilli.  The  results  were  : In  No.  la  strong  development  of 
typhoid  bacilli  ; in  No.  2 a vigorous  growth  of  yeast ; in  No.  3 
no  perceptible  development  of  typhoid  bacilli,  but  a good 
development  of  yeasts  ; in  No.  4 a large  quantity  of  yeast  had 
formed  before  the  addition  of  the  typhoid  bacilli,  which  did 
not  develop. 

The  deduction  from  these  experiments  is  that,  when  a 
liquid  food  suitable  to  the  growth  of  both  typhoid  and  yeast 
is  impregnated  with  yeast,  the  typhoid  bacilli  are  prevented 
from  growing  in  it,  whether  added  at  the  same  time  or  later. 

(c)  To  ascertain  and  compare  the  effects  of  acid  and 
alkaline  media.  Two  flasks  of  peptonized  broth  were  pre- 
pared, No.  1 rendered  alkaline  by  a few  drops  of  a solution  of 
soda  ; No.  2 was  acid  from  the  reaction  natural  to  broth. 
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After  sterilization,  both  flasks  were  impregnated  with  typhoid 
culture  and  maintained  for  a week  at  a temperature  of  100°  F. 
At  the  end  of  that  time  the  typhoid  had  developed  strongly, 
but  not  equally  so  in  both  flasks,  the  growth  in  the  acid 
medium  showing  signs  of  ceasing,  by  the  brightening  of  the 
fluid,  on  the  third  day,  whereas  the  alkaline  fluid  remained 
very  cloudy  at  the  end  of  the  week.  The  white  growth  at 
the  bottom  of  the  flasks  differed  also  in  quantity,  the  alkaline 
flasks  containing  by  far  the  larger  amount. 

Experiments  made  upon  guinea-pigs  showed  that  largish 
quantities  of  the  acid  solution  merely  produced  abscess, 
whereas  the  same  quantity  of  alkaline  solution  produced  death 
in  from  twenty  to  forty-eight  hours.  The  result  of  these 
experiments  proved  that  toxins  were  formed  by  the  bacilli 
in  these  media,  but  that  the  quantity  varied  enormously, 
according  to  the  alkaline  or  acid  reaction  of  the  media.  The 
reason  is  shown  by  the  following  experiment. 

(d)  To  ascertain  if  the  results  would  be  confirmed  when 
sterilization  by  filtration  was  substituted  for  sterilization  by 
heat.  On  injecting  guinea-pigs  with  both  filtered  solutions, 
very  feeble  toxic  reactions  were  manifested,  although  the 
alkaline  solution  had  proved  itself  highly  toxic  before  filtra- 
tion. Repeated  experiments  gave  the  same  results.  It  was 
therefore  evident  that  the  toxic  substance  of  the  alkaline 
solution  had  been  retained  on  the  other  side  of  the  filter. 
This  observation  was  of  great  importance,  as  to  the  difference 
that  existed  between  the  toxicity  of  the  alkaline  and  acid 
cultures,  which  is,  as  explained  by  the  author,  that  in  an 
alkaline  medium  the  toxin  secreted  by  the  bacilli  is  continu- 
ally precipitated  by  the  alkali  ; in  the  acid  medium  it  remains 
in  solution,  reacts  on  the  bacilli  which  have  secreted  it,  and 
thereby  stops  their  further  development.  (Vide  p.  47.) 

(e)  To  ascertain  definitely  that  the  poisonous  matter  of 
the  alkaline  solution  of  the  last  experiment  was  retained  by 
the  filter. 
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Before  filtering  the  alkaline  solution,  a few  drops  of  acid 
were  added,  enough  to  give  it  a very  slightly  acid  reaction. 
The  filtrate,  instead  of  being  very  feebly  toxic,  as  in  the  pre- 
ceding experiment,  had  now  become  highly  toxic,  which  is 
explained  by  the  acid  having  rendered  soluble  the  accumu- 
lated poison. 

The  author  is  of  opinion  that  in  the  pre-typhoid  state  an 
abnormal  alkalinity  is  found  in  the  contents  of  the  bowels,  as 
can  be  proved  by  the  excreta  ; therefore,  when  such  a state  of 
things  exists,  the  typhoid  bacilli  develop  ad  libitum , because 
the  very  substance  that  would  interfere  with  their  growth 
(typho-toxin)  is  precipitated  as  soon  as  formed,  and  removed 
with  the  excreta.  To  counteract  this  abnormal  alkalinity, 
the  author  proposes  the  following  : By  the  ingestion  of  pure 
yeast  the  reaction  of  the  excreta  will  again  become  acid,  as 
shown  by  experiments  conducted  on  over  sixty  cases  of 
typhoid  ; the  toxin,  instead  of  being  removed,  will  remain  or 
be  brought  into  solution,  in  which  state  it  will  readily  be 
absorbed  by  the  tissues,  and  not  only  act  on  the  typhoid 
bacilli,  but  the  tissues  will  little  by  little  become  so  saturated 
by  the  secretion  of  the  bacilli  as  to  become  absolutely  immune, 
and  unfit  for  the  further  existence  of  the  bacilli.  As  yeast 
passes  through  the  alimentary  canal  without  suffering  any 
change  from  any  secretion  found  therein,  the  remedy  is  always 
ready  and  in  a fit  state  to  render  the  toxins  soluble.  Con- 
sequently, yeast  is  not  the  direct  cause  of  cure,  but  the  means 
of  bringing  about  an  automatic  vaccination  of  the  tissues 
with  the  produce  of  the  growth  of  the  typhoid  bacillus. 

Two  other  experiments  were  also  undertaken,  one  to 
investigate  the  difference  of  effect  over  the  typhoid  bacilli  by 
commercial  and  pure  yeasts  respectively,  and  the  other  to 
ascertain  the  exact  effect  typhoid  fever  exerted  over  the 
spleen.  Both  possess  points  of  the  greatest  interest,  but 
would  take  us  too  far  from  our  present  line  to  enter  into  them 
at  present. 
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The  author  sums  up  as  follows  : 

Firstly,  that  the  action  of  yeast  in  the  treatment  of 
typhoid  fever  is  principally  due  to  the  power  which  it  has  of 
secreting  an  acid,  and  to  do  this  over  and  over  again,  by 
which  means  it  is  able  to  render  acid  the  contents  of  the 
intestines. 

Secondly,  that,  when  such  an  acid  reaction  exists,  the 
poison  secreted  by  the  germs  reacts  upon  the  germs  them- 
selves, and  stops  their  growth. 

Thirdly,  that  the  action  of  yeast  on  the  poison  of 
typhoid  differs  according  to  whether  it  is  pure  or  contaminated 
by  bacteria. 

Fourthly,  that  liquids  impregnated  with  yeast  are  in  a 
great  measure  protected  against  the  depredations  of  the 
typhoid  bacilli,  especially  if  such  a liquid  contains  fermentable 
sugar. 

O 

Fifthly,  that  these  properties  of  yeast  are  not  confined 
to  one  variety,  but  that  they  increase  or  diminish  according 
to  the  power  of  assimilation  and  acid  secretions  of  the  different 
varieties. 

Now,  although  I do  not  agree  with  the  author  in  imputing 
the  good  effects  of  yeasts  simply  to  their  power  of  perpetual 
acid  secretion,  the  reasons  being  much  more  complicated,  and 
founded  upon  what  we  have  already  stated  in  previous 
chapters  upon  yeasts,  their  composition,  attributes,  and 
behaviour  in  regard  to  bacilli,  and  whilst  circulating  in  the 
blood,  still,  I am  bound  to  express  my  sense  of  the  great 
addition  he  has  made  to  our  knowledge  by  his  experiments  ; 
and,  as  these  experiments  were  made  in  the  year  1890,  to 
him,  M.  de  Bavay,  belongs  the  honour  of  being  the  first  to 
propose  and  execute  the  treatment  of  typhoid  fever  by  yeasts. 
I am  of  opinion,  however,  that  the  treatment  by  subcutaneous 
injection  will  prove  more  efficacious  by  strengthening  the 
citadel  and  rendering  the  garrison  invulnerable  ; the  inges- 
tion of  the  yeasts  will  prove  a valuable  adjunct  by  starving 
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the  besieger.  In  an  earlier  chapter  the  value  of  ingestion  of 
yeasts  is  shown,  and  we  habitually  employ  this  mode  of 
administration  in  other  diseases  in  addition  to  treatment  by 
injection. 

Class  B. 

Diseases  in  which  the  pathogenic  microbe  has  not  yet  been 
isolated  : 

1.  The  Exanthemata. 

2.  Whooping-cough. 

3.  Syphilis. 

Of  the  two  former,  experiments  are  wanting  with  the 
exception  of  typhoid  fever,  whose  bacillus  we  know,  and  about 
which  we  have  already  spoken  at  length  ; but  in  bad  cases  of 
the  remaining  exanthemata  and  whooping  - cough,  which 
present  all  the  characteristics  of  the  other  diseases  known  to 
be  produced  by  formed  ferments,  or  even  in  such  cases  as 
those  in  which  ordinary  treatment  does  not  relieve,  it  would 
be  well  for  those  having  the  care  of  the  sufferers  to  remember 
that,  just  as  we  possess  within  our  own  bodies  a vis  medica- 
trix  natural,  we  have  succeeded  in  dragging  from  the  grand 
laboratory  of  Nature  a principle  which  may  be  called  the 
vis  adjuvans. 

Regarding  the  third  disease  on  this  list,  I am  of  opinion 
that  it  will  be  better  for  many  reasons  to  relegate  its  descrip- 
tion and  its  special  treatment  in  regard  to  pure  ferments  to 
another  work. 


CHAPTER  XI. 


DIVISION  II. — DISEASES  DUE  TO  DISTURBANCE  OF  THE 
GLYCOGENIC  FUNCTIONS. 

1.  Furunculosis. 

2.  Diabetes. 

3.  Cancer. 

Furunculosis. 

This  disease  is  characterized  by  the  appearance  of  small, 
hard,  circumscribed  tumours,  which  are  local  inflammations  of 
the  skin  and  areolar  tissue  beneath  it.  No  true  abscess  forms, 
but  a circumscribed  portion  of  the  superficial  fascia  and  deep 
layers  of  skin  necrose,  and  are  then  discharged  as  a core. 
These  little  tumours,  which  are  exceedingly  painful,  are  com- 
monly called  boils,  from  the  heat  to  which  they  give  rise. 
They  may  be  of  any  extent,  from  an  ordinary  single  boil  to  a 
regular  crop,  or  even  succession  of  crops,  of  them  ; they  may 
occur  at  any  age,  in  any  part  of  the  body — though  some  parts 
certainly  are  more  favoured  than  others — are  often  exceedingly 
hard  to  get  rid  of,  and  may  cause  an  amount  of  distress  to  the 
patient  out  of  all  proportion  to  the  gravity  of  the  ailment. 
A boil  may  be  multiple  though  still  local,  causing  what  is 
known  as  a carbuncle  or  anthrax,  though  this  must  not  be 
confounded  with  the  charbon  or  anthrax  of  sheep  and  of 
the  sorters  of  their  wool.  We  have  no  positive  evidence  that 
the  ordinary  boil,  or  the  more  vigorous  and  fulminating 
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carbuncle,  is  caused  by  any  particular  bacillus,  but  experience 
has  shown  that  the  discharge  from  one  boil  may  certainly 
produce  another.  We  also  know  that  there  is  some  abnormal 
condition  of  the  blood  which  allows  stasis  and  consequent 
infarction,  and  we  shall  generally  find  that  this  diathesis  is 
largely  connected  with  a diathesis  of  glycosuria,  quite  evident 
by  Trammer’s  test  ; but  in  instances  in  which  this  has  not  been 
the  case  I have  always  found  the  specific  gravity  of  the  urine 
abnormally  high,  and  I dare  say  that  more  delicate  tests  would 
have  revealed  small  quantities  of  sugar ; a considerable 
diuresis  is  also  usually  present,  although  it  often  does  not 
occur  to  the  patient  that  this  is  so,  until  his  attention  is 
drawn  to  the  fact.  Certain  it  is  that  dieting  the  patient  on 
diabetic  principles  exercises  a most  beneficial  effect ; but  as  to 
medicines,  we  must  say  that  this  is  one  of  the  diseases  for 
which  so  many  remedies  have  been  recommended,  a fact  which 
generally  points  out  that  very  few  of  them  are  any  good. 

From  time  immemorial,  that  is  to  say,  from  as  long  as  beer 
has  been  brewed  to  gladden  the  heart  of  the  Englishman, 
there  has  existed,  amongst  those  employed  in  breweries,  and 
amongst  those  who  were  accustomed  to  brew  their  own  ale — 
a very  usual  proceeding  in  country  houses,  I remember,  when 
I was  a boy — a belief  that  the  yeast  of  beer  was  a sovereign 
charm  against  all  disorders  of  the  blood.  Now,  whether  this 
was  originally  suggested  by  the  goodness  of  the  ale  or  not,  1 
cannot  say,  but  1 do  know  that  belief  in  its  curative  powers 
was  very  largely  held  in  the  provinces,  which  belief,  although 
those  who  used  it  knew  it  not,  rested  on  a sound  basis.  Country 
practitioners,  who  have  been  witnesses  to  its  good  effects,  fre- 
quently prescribe  it,  and  it  was  thus  that  I first  learnt  the 
power  of  yeasts,  which  led  me  to  the  further  study  of  the 
reason  and  extent  of  their  power ; yet  yeasts  have  never  yet 
been  adopted  into  any  pharmacopoeia,  nor  have  they  ever 
received  more  than  a casual  mention  in  books  which  profess  to 
deal  with  therapeutics. 
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It  certainly  seems  a little  odd  to  me,  who  saw  yeasts 
administered  certainly  thirty  years  ago,  and  with  the  very 
best  effects,  too,  that  1 should  read  in  an  annual  entirely 
devoted  to  new  treatment,  only  two  years  ago,  that  they  are 
strongly  recommended  therapeutically,  though  I do  give  entire 
credit  to  M.  Debouzy  for  his  honesty  in  saying  that  he  is 
merely  bringing  forward  an  old  and  popular  remedy.  This  is 
also  the  case  with  myself,  for  I am  doing  the  same  thing  with 
an  exception,  and  that  is  a big  one,  that  we  have  discovered 
the  reason  why  the  yeast  does  good,  have  found  out  the  best 
kinds  of  yeasts  to  use  for  various  purposes,  also  the  nutriment 
that  is  most  fitting  for  them,  considering  the  particular  work 
thev  have  to  do  ; in  addition  to  that,  the  best  mode  of  their 
administration. 

We  find  that,  in  furunculosis,  it  is  seldom  necessary  to 
administer  yeast  by  hypodermic  injection,  and  that  the  old- 
fashioned  plan  of  giving  it  raw,  by  the  mouth,  gives  exceed- 
ingly good  results.  The  usual  dose  when  administered  by  the 
mouth  is  two  table-spoonfuls  of  brewer’s  yeast  once  or  twice  a 
day,  either  plain  or,  if  preferred,  stirred  up  in  either  beer  or 
porter. 

Now  that  brewers  are  paying  so  much  more  attention  to 
the  quality  and  purity  of  their  yeasts,  we  may  get  even  better 
results  than  heretofore,  yet  it  is  not  necessary,  for  the  purpose 
of  ingestion  only,  that  the  long  and  expensive  process  of  selec- 
tion and  culture  (absolutely  necessary  for  inoculation)  be  gone 
through.  The  remedy  should  be  steadily  persevered  with  for 
three  weeks  or  a month,  but  may  have  to  be  stopped  or 
modified  from  time  to  time  011  account  of  eructations,  disten- 
sion from  flatulence,  and  sometimes  diarrhoea;  these  unpleasant 
symptoms  can  be  largely  prevented  by  giving  the  yeasts  at  a 
time  when  the  stomach  is  free  from  food,  especially  saccharine 
food,  which  should  be  limited  in  quantity,  though  there  is  no 
necessity  for  total  abstinence  from  it.  The  best  local  applica- 
tions are  poultices  made  with  yeasts,  but  they  must  not  be 
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heated  above  a temperature  of  100°  F.,  or  the  functional 
activity  of  the  yeast  may  be  prevented. 

Diabetes. 

This  term  is  now  generally  understood  to  mean  an  exces- 
sive flow  of  urine,  characterized  by  a notable  quantity  of 
sugar  contained  therein,  and  it  is  in  this  sense  that  I use 
the  term  here.  The  sugar  may  not  be  of  a very  high  per- 
centage, yet,  if  several  quarts  of  urine  should  be  voided  daily, 
a very  considerable  quantity  of  sugar  gets  eliminated  from 
the  system.  All  gradations  are  seen  as  regards  quantity, 
both  of  urine  and  of  sugar ; so  it  is  a safer  plan  to  judge  of  a 
patient’s  progress  from  the  total  quantity  of  sugar  passed  per 
diem,  than  to  trust  to  the  percentage  of  grains  per  ounce  or 
grammes  per  litre.  The  elimination  of  so  large  an  amount  of 
liquid  from  the  body  tends  to  cause  great  dryness  in  all  the 
tissues,  hence  we  find  constipation,  yet  with  ravenous  appe- 
tite, in  spite  of  which  the  patient  emaciates  and  grows  un- 
mistakably weaker ; the  skin  is  dry  and  irritable,  the  tongue 
and  mouth  constantly  parched,  and  often  cracked,  the  thirst 
most  distressing.  Boils  and  carbuncles  are  frequent  concomi- 
tants, and  changes  in  the  retina  and  crystalline  lens  causing 
cataract  are  by  no  means  rare  complications. 

The  prognosis  of  this  disease  occurring  in  the  young  is 
quite  different  from  that  of  the  form  of  the  disease  which 
affects  older  people.  In  the  former  it  is  seldom  arrested,  the 
patient  usually  becoming  affected  with  a phthisis  that  is  soon 
fatal  ; in  the  latter  the  prognosis  is  much  more  favourable, 
and  patients  may  live  for  many  years  under  proper  care  and 
restrictions. 

We  know  very  little  about  the  real  causes  of  this  elimina- 
tion of  sugar  from  the  system,  nor  do  we  know  very  much 
about  the  pathology  of  the  disease ; but  it  will  be  a good 
plan  first  to  take  a glance  at  the  sources  from  whence  the 
sugar  is  derived.  There  can  be  but  two,  one  of  them  being 
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from  the  food  ingested,  and  the  other  from  the  carbo-hydrates 
locked  up  in  the  tissues  ; consequently  the  line  of  treatment 
hitherto  adopted  has  been  principally  dietetic  and  hygienic,  the 
former  consisting  of  a reduction  of  all  substances  ingested  which 
can  possibly  furnish  sugar  to  the  system.  Even  with  total 
deprivation,  we  sometimes  find  sugar  still  excreted.  In  such 
cases  elements  of  the  muscular  and  other  tissues  are  converted 
into  sugar — a state  of  affairs  which  invariably  ends  in  death. 
The  next  question  to  consider  is,  How  is  the  sugar  produced  ? 
The  results  of  inquiries  show  that  diabetes  is  not  a disease, 
but,  like  jaundice,  only  a symptom  common  to  several  different 
pathological  lesions. 

EXPERIMENTAL  DIABETES. 

It  has  been  known  for  many  years  that  irritation  of  a spot 
in  the  floor  of  the  fourth  ventricle  of  the  brain  in  animals 
will  produce  glycosuria,  this  particular  spot  being  that  of  the 
vaso-motor  centre,  disturbance  of  which  causes  the  vessels  of 
the  body  to  dilate,  amongst  them  those  of  the  liver,  by  which 
this  organ  receives  a larger  supply  of  blood  than  it  is  compe- 
tent to  deal  with.  Following  this,  we  should  expect  that 
early  pathological  changes,  simple  hypersemias,  or  tumours, 
occurring  in  this  region  of  the  floor  of  the  fourth  ventricle, 
would  produce  glycosuria,  and  our  expectation  is  quite  right. 
We  do  find  it  ! We  may  do  so  also  in  extravasations  of  blood 
in  the  cervical  or  upper  dorsal  regions  of  the  spinal  cord, 
which  appear  to  press  upon  those  nerves  which,  arising  in 
the  medulla,  do  not  quit  the  cerebro-spinal  axis  immediately, 
but  run  down  the  cord  to  the  upper  dorsal  vertebrae,  and  then 
join  the  ganglia  of  the  sympathetic.  By  taking  this  course 
they  doubtless  acquire  a greater  protection  from  injury. 
These  nerves  may  have  some  control  over  the  glycogenic 
function  of  the  liver  ; hence,  when  they  are  pressed  upon,  not 
only  does  the  dilatation  of  vessels  mentioned  above  occur 
(which  is  the  usual  effect  of  inhibition  of  the  sympathetic), 
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but  it  may  be  that  the  special  glycogenic  function  of  the  liver 
is  hindered  temporarily  or  permanently.  What  is  here  meant 
by  glycogenic  function  of  the  liver  will  be  shortly  explained. 

It  has  also  been  known  now  for  some  considerable  time 
that  disease  ol  the  pancreas  is  exceedingly  frequent  as  a 
pathological  lesion  in  diabetes,  and  writers  since  Rokitansky’s 
analysis  of  cases  have  called  attention  to  this  frequency, 
deeming  it  to  indicate  more  than  a casual  connection  with 
the  disease ; but  it  was  not  until  the  pancreas  had  been 
removed  from  the  living  dog,  with  the  invariable  result  of 
producing  glycosuria,  that  a fresh  impetus  was  given  to  the 
study  of  the  pathology  of  diabetes  in  this  particular  direc- 
tion. Experimenters  had  found  that,  if  only  a small  piece  of 
healthy  pancreas  were  left,  then  glycosuria  did  not  occur  ; 
later  on  it  was  demonstrated  that,  if  pieces  of  fresh  pancreas 
were  engrafted  underneath  the  skin  of  those  dogs  whose 
pancreas  had  been  removed,  the  glycosuria  was  arrested, 
which  looks  as  if  the  pancreas  had  the  power  of  secreting 
some  kind  of  glycolytic  ferment.  Now,  this  Repine  actually 
claims  to  have  found,  and,  further,  maintains  that  it  is  not 
secreted  into  the  duct,  but  enters  the  circulation  directly. 
If  this  is  the  case,  it  would  quite  account  for  the  success  of 
the  pancreatic  grafts  in  checking  the  formation  of  sugar 
in  the  blood.  This  is  a very  important  discovery,  and  has 
a practical  bearing  upon  the  treatment  that  we  are  now 
advocating. 

CLINICAL  DIABETES. 

Although  we  have  now  advanced  one  step  farther  in  our 
knowledge  of  the  pathology  of  diabetes,  we  can  easily  see 
that  it  is  necessary  to  ascertain  how  it  is  that  the  pancreas 
becomes  diseased.  It  often  happens  that  an  inflammatory 
condition  of  the  pancreas  results  from  some  previous  zymotic 
disease,  though  this  may  have  been  nothing  more  than  a seem- 
ingly mild  attack  of  influenza.  The  attack,  though  originally 
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mild  in  its  symptoms,  is  capable  of  leaving  a profound  depression 
of  the  system,  during  or  following  which  some  pre-existing  or 
some  latent  disease  may  be  roused  into  activity  from  the 
weakening  of  the  resisting  power  of  the  defensive  cells  of  the 
economy.  The  pancreas  suffers  in  common  with  other  organs, 
and  is  in  no  fit  state  to  resist  an  attack  of  virulent  bacteria. 
Now,  we  know  that  the  pancreatic  duct,  about  the  diameter 
of  a quill,  usually  opens  into  the  duodenum  at  an  orifice 
common  to  it  and  the  united  choledic  duct  ; but  it  may  have 
a separate  opening  into  the  intestine,  or  the  duct  may  be 
double  right  from  the  pancreas  up  to  the  common  orifice,  which 
is  in  such  cases  rather  larger  than  usual.  Again,  it  sometimes 
happens  that  behind  the  head  of  the  pancreas  there  exists  a 
well-marked  lobular  fold,  which  in  some  cases  is  actually 
detached  from  the  head  of  the  pancreas.  This  lobe  is  called 
the  lesser  pancreas,  and  possesses  a duct  of  its  own,  usually 
emptying  itself  into  the  main  pancreatic  duct,  though  not 
uncommonly  opening  directly  into  the  duodenum  itself,  a good 
inch  or  more  from  the  orifice  of  the  main  duct.  We  can  now 
see  the  channels  by  which  the  pancreas  discharges  its  secretion, 
and  by  which  it  may  also  be  invaded  should  virulent  bacteria 
make  a determined  attempt  to  do  so.  We  also  know  that  the 
nearest  part  of  the  pancreas  to  the  orifice  of  the  duct  is  the 
head,  which  therefore  in  case  of  bacterial  invasion  we  should 
expect  would  be  the  part  to  suffer  most.  Now,  necropsies 
show  us  that  it  is  the  head  of  the  pancreas  which  is  the  part 
most  disintegrated  and  broken  down,  from  longer  contamina- 
tion with  the  poison. 

We  are  aware  of  the  important  part  played  by  the  bile  in 
preventing  excess  of  bacterial  action  within  the  intestine  ; 
that  the  intestine  swarms  with  bacteria  which,  when  kept  in 
check  and  due  bounds  by  the  action  of  the  bile,  exert  a 
beneficent  action  by  rendering  certain  articles  of  food  capable 
of  absorption  ; yet  should  these  same  bacteria  find  their  way 
by  some  mischance  into  regions  where  no  check  can  be  met 
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with,  they  then  attain  a remarkable  virulence.  This  is  very 
clearly  seen  in  cases  of  general  peritonitis  following  perfora- 
tion from  appendicitis,  or  in  perforating  ulcers  of  the  stomach 
or  intestine.  It  follows,  then,  that  in  health  no  bacteria  could 
pass  the  orifice  of  the  common  bile  and  pancreatic  ducts  with- 
out being  so  crippled  that  the  leucocytes  present  in  the 
pancreas  would  have  no  difficulty  in  dealing  with  them,  more 
especially  as  they  would  be  still  further  exhausted  by  having 
to  swim  against  the  stream  of  the  pancreatic  juice.  Now, 
should  the  duct  of  the  pancreas  itself,  or  that  of  the  lesser 
pancreases,  open  separately  into  the  intestine,  it  would  be 
farther  away  from  the  protective  influence  of  the  bile  ; hence 
it  may  happen  that,  without  any  actual  previous  disease,  but 
from  lessened  defensive  power  of  the  system,  owing  to  worry, 
mental  strain,  errors  of  living,  etc.,  bacteria  would  be  the 
more  likely  to  gain  access  to  the  pancreas.  If  this  is  the  case 
in  comparative  health,  much  more  so  must  it  be  in  the 
exhausted  state  of  our  natural  safeguards  after  acute  illness, 
when  the  secretory  cells  have  cpiite  as  much  as  they  can  do  to 
carry  on  the  amount  of  their  functions  absolutely  necessary 
for  existence,  with  little  or  none  to  spare  for  side-issues. 

I regard  the  anatomical  position  of  the  pancreatic  ducts  as 
exceedingly  important  in  relation  to  bacterial  infection,  but  of 
course  the  increased  risk  of  invasion  here  suggested  can  be 
nothing  more  than  a theory  until  corroborated  by  the  practical 
teachings  of  the  dead-house. 

That  the  pancreas  can  be  infected  in  this  way  has  been 
proved  by  Messrs.  Charrin  and  Carnot,  who  have  also  induced 
diabetes  by  the  injection  of  pathogenic  microbes  of  different 
species  into  the  pancreatic  duct.  Charrin  had  previously 
discovered  that  the  amount  of  sugar  normally  present  in  the 
blood,  small  as  it  is  (1  per  1,000),  was  materially  diminished 
in  animals  that  had  been  subjected  to  poisoning  by  the  Bacillus 
pyocyanicus,  and  hazards  a notion  that  this  might  point  to  a 
possible  treatment  for  diabetes.  As  the  injection  of  the  same 
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microbe  into  the  pancreatic  duct  can  cause  diabetes,  the  reason 
of  the  diminution  of  the  sugar  does  not  seem  very  clear,  unless 
it  so  happened  that  a species  of  antitoxin  had  been  formed,  or 
possibly  this  diminution  may  have  occurred  shortly  before  the 
death  of  the  animal,  thereby  resembling  the  disappearance  of 
sugar  from  the  urine,  generally  noticed  before  the  onset  of 
coma  in  diabetes.  We  will  now  turn  some  attention  to  the 
physiological  digestion,  sugar,  starch,  and  the  carbo-hydrates 
generally. 

If  sugar  is  taken  into  the  mouth  as  glucose,  it  suffers  no 
change  until  it  is  absorbed  by  the  lacteals  in  the  small 
intestines ; but  should  it  be  taken  in  its  more  usual  form  of 
cane-sugar,  or  saccharose,  it  is  immediately  inverted  by  the 
saliva  into  glucose.  Starch,  whether  taken  as  bread,  potatoes, 
puddings,  or  farinaceous  food  of  any  kind,  is  also  changed  into 
glucose.  All  these  sugars  proceed  through  the  stomach  to 
the  small  intestine,  together  with  other  foods,  as  well  as  with 
those  starches  which  have  not  had  time  to  be  sufficiently 
mixed  with  the  saliva,  a very  frequent  form  of  dyspepsia 
amongst  lazy  or  silly  people  who  do  not  sufficiently  masticate 
their  food.  It  is  fortunate  for  such  bolters  that  the  pancreatic 
juice  also  possesses  the  power  of  converting  starch  into  sugar. 

Sugars  will  pass  readily  by  osmosis  through  thin  mem- 
branes ; consequently,  in  people  who  eat  much  sugar,  or  more 
than  their  normal  powers  of  assimilation  can  cope  with,  we  find 
sugar  free  in  the  blood,  whence  it  is  promptly  eliminated  by 
the  kidneys  as  an  improper  substance.  This  sugar  probably 
finds  its  way  into  the  blood  directly,  through  the  interstices 
between  the  outer  cells  of  the  villi  of  the  intestine,  whereas 
sugar  in  due  proportion,  and  so  in  the  process  of  normal 
absorption,  passes  into  the  protoplasm  of  the  outer  cells  of  the 
villi,  and  so  through  the  cells  themselves  onwards  to  the 
interior  substance  of  the  villi,  enclosed  in  which  are  other 
cells  found  lying  in  a network  of  blood  and  lacteal  vessels. 
Both  these  outer  and  inner  cells  exert  a laboratory  influence 
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upon  the  sugars  passing  through  them,  and  the  change  that 
takes  place  in  the  sugar  by  means  of  this  influence  has  been 
compared  by  Pavy  to  that  which  takes  place  in  the  yeast 
cell. 

The  reader  is  here  referred  to  the  chapters  on  ferments 
and  fermentation,  wherein  he  will  see  that  the  yeast  cell 
acquires  from  the  sugar  by  hydration  exactly  what  it  requires 
for  its  own  nutrition  and  propagation,  splitting  up  this  sugar 
in  doing  so  into  alcohol,  carbonic  acid,  and  other  bodies.  The 
protoplasm  of  the  cells  of  the  villi  acts  in  a somewhat  similar 
manner,  but  in  this  case  the  process  is  not  quite  the  same  : for, 
as  Pavy  says,  the  ferment  action  of  yeast  hydrates  and  breaks 
down , but  the  protoplasmic  action  of  the  cells  of  the  villi 
dehydrates  and  builds  up , by  converting  the  sugar  mainly 
into  dehydrated  carbo-hydrates,  slightly  into  fats,  and  partly 
forming  proteids  by  taking  some  of  the  nitrogen,  which  is 
always  present,  dissolved  in  the  blood.  For  many  years  it 
was  held,  especially  by  the  followers  of  Liebig,  that  the 
action  of  yeast  in  the  production  of  alcohol  is  a catalytic 
action,  but  it  is  not  so  ; both  this  and  the  action  of  the  villi 
cells  is  essentially  a vital  process.  Without  the  vital  action 
of  the  yeast  protoplasm,  our  chemists  are  unable  by  any 
laboratory  manipulation  to  produce  alcohol  from  sugar,  and  I 
doubt  if,  even  now,  we  quite  know  all  the  substances  that  are 
produced  in  the  transformation  of  sugar.  Still  less  do  we 
know  what  substances  are  built  up  out  of  it  by  the  intestinal 
villi. 

A glance  at  the  normal  effect  of  the  pancreatic  juice  over 
sugars  enables  us  to  see  the  probability  of  the  glycolytic 
ferment  of  Lepine  having  some  control  over  these  dehydrated 
carbo-hydrates  on  their  journey  to  the  liver,  considering  that 
the  pancreatic  vein  empties  itself,  through  the  splenic,  into  the 
portal  vein,  wherein  it  would  encounter  these  substances.  The 
portion  of  sugar  which  becomes  transformed  into  fat  no  doubt 
enters  the  system  by  the  vessels  appointed  for  the  purpose  of 
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absorbing  fat  from  the  intestines,  that  is  to  say,  the  lacteals. 
The  synthesized  proteids  and  dehydrated  carbo-hydrates  are 
taken  up  by  the  veins  of  the  villi,  and  finally  conveyed  by  the 
portal  vein  into  the  liver,  though  we  do  not  yet  know  the 
arrangements  of  the  carbo-hydrate  elements  during  their 
transit.  Pavy  states  that  he  has  known  the  amount  of  actual 
sugar  present  in  the  portal  vein  after  a full  meal  of  carbo-hydrate 
to  be  4 or  5 per  1,000  ; but  I should  imagine  much  of  this  to 
have  passed  directly  into  the  capillary  veins  between  the  villi 
cells,  as  explained  above,  and  not  through  their  protoplasm. 

Physiological  experiment  has  demonstrated  that  in  the 
liver  carbo-hydrate  is  converted  into  glycogen,  which  may  be 
said  to  be  glucose  minus  a molecule  of  water,  in  which  state 
it  is  there  stored  up  for  future  use.  It  is  this  power  of  storing 
up  carbo-hydrates  as  glycogen,  and  the  passing  of  them  on 
into  the  general  circulation  as  a reduction  of  glycogen  in  a 
state  fit  for  the  nutrition  of  the  various  cells  of  the  economy, 
that  was  intended  by  the  term  ‘ glycogenic  function  of  the 
liver,’  mentioned  above. 

Personally,  I do  not  think  that  the  substance  stored  up  is 
really  glycogen,  which,  though  present  invariably  in  the  liver 
after  death,  is  not  found  in  pieces  of  liver  taken  from  the 
living  subject.  Unfortunately,  most  of  the  experiments  have 
been  made  upon  the  dead  subject  in  this  direction,  and  in  that 
upon  the  contents  of  the  portal  and  hepatic  veins,  giving  results 
which  differ  so  much  from  those  yielded  by  Pavy’s  researches 
on  the  living  subject  as  to  be  as  valueless  as  they  are  contradic- 
tory. It  was  formerly  taught  by  Claude  Bernard  that  glycogen 
became  hydrated  in  the  liver  back  again  into  glucose,  according 
to  the  requirements  of  the  body,  and  this  opinion  is  still  held  by 
very  many  of  the  medical  profession ; but  Pavy,  I think,  puts  the 
case  very  clearly  against  this  doctrine  when  he  says  that,  if  this 
were  the  case,  we  should  invariably  be  glycosuric  after  every 
meal,  for  the  urine  would  most  assuredly  throw  out  the  sugar 
from  the  blood.  The  body  does  not  want  carbo-hydrate 
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glucose,  for  this  substance,  when  circulating  in  the  blood, 
seems  to  act,  from  the  symptoms  it  produces,  as  a direct 
poison  to  the  tissues.  Hardly  an  organ  escapes  impairment 
or  disease.  The  nervous  system  suffers,  as  shown  by  mental 
and  moral  deterioration ; the  muscular  system  by  weakness 
and  early  fatigue  ; the  skin  by  its  harshness,  dryness,  and 
distressing  itchiness ; the  digestive  organs  by  intense  thirst, 
voracious  appetite,  and  obstinate  constipation  ; the  lungs  by 
chronic  pneumonia  and  phthisis ; the  liver,  the  kidneys,  and 
even  the  eyes,  all  feel  the  effect. 

The  question  will  at  once  be  asked,  If  not  converted  into 
glucose  for  the  use  of  the  tissues,  then  into  what  is  the 
glycogen  converted  ? and  in  what  state  is  the  carbo-hydrate 
conveyed  to  the  tissues?  We  have  seen  that  the  tissues  do 
not  want  it  as  the  poisonous  glucose,  and  it  must  be  confessed 
that  the  answer  as  to  what  form  it  must  be  in  to  be  acceptable 
is  by  no  means  easy.  There  is  no  difficulty  in  hydrating 
glycogen  into  glucose,  but  there  is  an  impossibility  of  manu- 
facturing other  substances  by  the  dehydration  of  glycogen  in 
the  laboratory.  The  laboratory  of  the  protoplasm  has  some 
means  with  which  we  are  unacquainted  of  doing  what  is 
needed.  We  do  not  exactly  know  the  true  formula  of  this 
amyloid  substance  in  the  liver,  which  we  call  glycogen,  as 
a workable  term.  Now,  Lauth  and  Grimaux  state  that 
glucose  can  be  prepared  from  glycerine  by  synthesis,  and  I 
think  that  it  will  probably  be  found  that  this  glycogen,  amy- 
loid substance,  or  reserve  of  carbo-hydrate,  whatever  it  may 
be,  is  converted  by  the  protoplasmic  laboratory  into  a tri- 
atomic  alcohol  akin  to  glycerine,  and  so  used  as  a base  for  fats 
of  different  kinds  ; these  would  then  be  taken  up  by  the  deep 
lymphatics  of  the  liver,  which  accompany  the  portal  vein,  and 
so  be  conveyed  into  the  thoracic  duct ; therefore  the  secret 
must  be  hunted  for  in  the  lymphatic  vessels,  and  not  in  the 
hepatic  vein  alone. 

The  foregoing,  then,  are  the  conditions,  as  far  as  we  can 
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tell,  under  which  carbo-hydrates  find  their  way  from  the  food 
to  the  tissues.  Every  man  has  a certain  capacity  for  their 
assimilation  peculiar  to  himself,  but  this  capacity  is  not 
always  a constant  quantity,  but  varies  considerably  with  age, 
climate,  temperature,  etc.,  so  that  even  healthy  people,  if 
subjected  to  mental  strain,  worry,  etc.,  whilst  taking  up 
to  or  near  their  maximum  capacity  of  sugar,  may  be 
troubled  with  glycosuria  from  a reduction  of  their  maximum 
capacity.  Should  the  cause  continue,  then  this  maximum 
becomes  temporarily  or  permanently  lowered,  until  it  is  so 
little  that  what  would  be  a very  reasonable  amount  of  sugar 
or  starch  in  the  diet  under  the  ordinary  conditions  of  life 
becomes  too  much  for  their  powers  of  protoplasmic  conversion  ; 
consequently  the  sugar  is  passed  unchanged  into  the  blood, 
and  diabetes  is  the  result.  In  order  to  ascertain  the  new 
maximum  capacity,  the  physician  cuts  off  day  by  day  a 
certain  quantity  of  carbo-hydrate  elements  from  the  food  of 
the  patient  until  the  urine  shows  no  more  than  the  quantity 
stated  by  physiologists  to  be  normal.  When  this  is  found, 
this  amount  of  sugar,  however  small  it  may  be,  is  all  that  can 
be  allowed  to  the  patient.  We  endeavour  to  restore  a higher 
maximum  capacity  by  improved  hygienic  conditions,  by 
exercise  in  the  open  air,  by  soothing  the  nervous  system  by 
codeia,  morphia,  or  opium  itself,  and  by  the  removal  of  any 
known  cause,  as  far  as  can  be  done.  By  this  means  we  may 
perhaps  raise  the  capacity  after  a time,  though  it  unfortu- 
nately happens  that  we  usually  see  these  cases  after  they 
have  been  going  on  some  time,  and  the  capacity  has  become 
permanently  lowered,  which  means  for  the  patient  strict  diet 
for  the  rest  of  his  life. 

Diet  in  the  diabetes  of  young  people,  which  is  chiefly 
pancreatic  in  its  pathology,  is  of  very  little  use  in  checking 
the  disease  or  averting  death,  for  the  young  need  saccharine 
food.  These  cases  are  very  hopeless,  and  drugs  are  found  to 
be  of  very  little  value.  A strict  diet  in  any  form  of  diabetes 
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and  at  any  age  is  sometimes  so  badly  borne  by  the  patient 
that  it  has  perforce  to  be  abandoned,  otherwise  death  will 
only  happen  the  quicker. 

Statistics  tend  to  show  that  diabetes  is  on  the  increase,  but 
although  fresh  remedies  are  constantly  being  recommended, 
none  of  them  have  met  with  much  success  or  gained  general 
approval. 

Dr.  Debouzy  has  administered  yeast  by  the  mouth,  and 
Cassaet  also  advocates  this,  stating  that  he  has  obtained  good 
results  from  its  employment,  but  that  he  is  unable  to  form 
any  theory  upon  its  action. 

The  treatment  of  diabetes  by  the  subcutaneous  injection 
of  pure  ferments  was  partly  suggested  by  the  results  of  the 
fermentation  test  for  the  quantity  of  sugar  present  in  the 
urine,  as  recommended  by  Sir  William  Roberts,  partly  from 
our  knowledge,  derived  from  experiments,  that  the  Saccharo- 
myces  cerevisice  was  not  debarred  from  exercising  its  functions 
as  a ferment  within  the  circulating  fluid  of  the  economy,  when 
provided  with  fermentable  matter.  It  simply  remained  to  be 
proved  whether  fermentation,  or  a splitting  up  of  sugar,  or 
prevention  of  its  formation,  would  occur  when  the  ferment- 
able matter  was  already  provided  pathologically  within  the 
blood- stream. 

Experiments  upon  animals,  artificially  rendered  diabetic, 
were  not  undertaken,  as  we  knew  well  that  injections  of 
ferments,  as  long  as  they  were  absolutely  pure,  never  did 
any  harm  ; therefore  the  treatment  was  at  once  tried  upon  a 
human  diabetic.  The  ordinary  reaction  was  experienced, 
neither  more  nor  less.  The  blood  was  not  mainly  composed 
of  alcohol,  neither  did  the  patient  explode  from  the  amount 
of  carbonic  acid  generated.  The  results  were  that  the 
quantity  of  urine,  which  had  previously  been  at  nearly 
4 litres  per  diem,  had  sunk  by  the  end  of  a week  to  2 litres, 
beyond  which  quantity  there  was  no  diminution  ; also  the 
peicentage  of  sugar  had  dropped  from  82  grammes  per  litre, 
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at  which  it  stood  before  treatment,  to  45  grammes  per  litre. 
This  amount  was  reached  in  about  a fortnight,  after  two 
injections  had  been  administered.  No  further  reduction  in 
either  quantity  of  urine  excreted  or  percentage  of  sugar  was 
obtained,  though  the  patient  regained  all  his  aspect  of  normal 
health.  In  this  case,  although  the  diabetic  state  was  not 
entirely  got  rid  of,  it  was  evident  that  the  maximum  capacity 
had  been  exalted,  for  the  diet  had  been  in  no  way  altered 
during  this  treatment  to  that  prescribed  beforehand. 

Since  that  experiment  many  other  cases  have  been  treated, 
with  similar  results ; and  I will  now  give  a precis  of  a case  of 
my  own,  under  the  care  of  Dr.  Hubbard,  of  Hemel  Hemp- 
stead, which  is  the  more  valuable  as  it  occurred  in  the  person 
of  one  of  the  absolutely  poor,  who  are  unable  to  purchase 
any  but  the  ordinary  food  of  the  working  classes,  and  not 
too  much  even  of  that ; hence  no  dieting  was  possible.  The 
patient  in  this  case  was  an  elderly  woman,  sixty-eight  years 
of  age  ; she  had  had  two  strokes  of  paralysis,  and  the  move- 
ment of  the  right  side  was  very  much  impaired.  When  she 
came  under  Dr.  Hubbard  s care  it  was  found  that  she  was 
suffering  from  diabetes,  with  its  usual  train  of  symptoms, 
some  of  them,  such  as  the  cracked  state  of  the  lips  and 
excoriated  state  of  the  vulva  and  thighs,  being  particularly 
distressing.  She  was  then  passing  5-|  pints  of  urine  per  diem, 
was  daily  getting  weaker,  and  there  was  little  prospect  of 
alleviation.  At  Dr.  Hubbard’s  request  I went  to  see  the  case 
with  him,  and  although  I thought  the  case  an  admirable  one 
for  a control  experiment  of  the  ferment  treatment,  I was  in  some 
doubt  as  to  whether  the  high  tension  of  the  arteries  that  the 
reaction  was  bound  to  produce  would  not  precipitate  an  attack 
of  apoplexy.  This  was  put  to  the  old  lady,  who  was  quite 
willing  to  run  the  risk,  preferring,  indeed,  anything  rather 
than  the  miserable  state  in  which  she  then  was.  Accordingly, 
an  injection  of  half  a tube  of  ferments,  containing  next  to  no 
saccharine,  but  a due  proportion  of  mineral  matter,  was  then 
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and  there  administered  over  the  region  of  the  spleen.  I took 
away  with  me  a specimen  of  the  urine,  which  analysis  showed 
to  contain  a quantity  of  sugar  equal  to  187 '08  grammes  per 
diem  in  3,118  c.c.  of  urine.  The  reaction  was  moderate,  the 
highest  temperature  registering  only  101 '5  F.  The  pulse, 
as  was  expected,  showed  marked  arterial  tension.  From  that 
time  the  quantity  of  urine  passed  was  daily  measured,  and  a 
specimen  of  it  sent  to  me  for  analysis. 

The  day  after  the  injection  the  quantity  of  urine  passed 
measured  1,530  c.c.  in  the  twenty-four  hours  (instead  of 
3,118  c.c.  as  before  the  injection),  with  a quantity  of 
78 '30  grammes  of  sugar  (instead  of  187 '08  grammes).  As 
this  case  will  be  published  elsewhere,  I do  not  now  propose 
to  enter  too  much  into  detail,  but  will  rest  satisfied  in  remark- 
ing that  for  six  weeks  the  urine  was  daily  measured  and 
analyzed  ; that  during  this  time  she  received  three  more 
injections,  with  the  result  at  the  end  of  that  time  that  she 
was  passing  851  c.c.  of  urine  per  diem,  containing  40 ‘8  grammes 
of  sugar.  All  the  distressing  symptoms  of  excoriation,  cracked 
lips,  sore  throat,  and  pancreatic  pain  and  tenderness,  have 
passed  away.  She  was  able  to  get  up  and  dress  herself,  which 
she  had  not  been  able  to  do  for  eighteen  months  previously. 
During  the  whole  of  this  time  the  patient  had  been  kept  on 
her  ordinary  diet,  chiefly  bread  and  farinaceous  food,  with 
vegetables — the  sustenance  of  the  poor.  Potatoes  certainly 
were  forbidden,  but  I am  inclined  to  think,  from  the  sudden 
jumping  up  of  the  quantity  of  sugar  on  one  or  two  days, 
that  this  Eve  had  yielded  to  the  temptation  of  a ‘ pomme  de 
terre.’ 

In  this  case  we  see  some  very  important  indications,  viz., 
that  the  amount  of  sugar  excreted  daily  by  the  kidneys  was 
diminished  from  187*08  to  40*8  grammes  ; also  that  the  amount 
of  urine  excreted  was  notably  diminished  from  3,118  c.c.  to 
851  c.c.  per  diem,  and  that  the  actual  percentage  of  sugar 
was  also  reduced,  showing  a considerable  improvement  in 
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the  purity  of  the  blood  ; and,  finally,  that  the  general  and 
local  symptoms  produced  by  the  saccharine  poison  were  all 
banished. 

I know  of  no  other  treatment  that  could  produce  the  same 
results,  save  that  perhaps  of  strict  diet,  which  is  always  such 
misery  to  the  poor  sufferer,  and  might,  as  it  so  often  does, 
cause  anorexia,  vomitings,  and  general  loathing  of  the  pre- 
scribed food,  accompanied  by  increased  emaciation  and  rapid 
failure  of  strength. 

By  the  hypodermic  administration  of  pure  ferments,  in 
these  cases  of  alimentary  diabetes,  we  undoubtedly  gain  time 
for  the  patient,  and  perhaps  get  him  out  of  the  diabetic  habit, 
especially  with  the  aid  of  a modified  diet.  I11  cases  of  pan- 
creatic diabetes,  we  have  here  a remedy  that  may  act  in  a 
double  capacity,  inasmuch  as  the  yeast  cells  are  able  to 
destroy  the  microbes  that  cause  the  disease  in  the  pancreas, 
and  so  effect  a substitute  for  the  glycolytic  ferment  of  that 
organ,  thus  preventing  the  formation  of  glucose  from  the  carbo- 
hydrate reserve  on  the  one  hand,  and  the  transformation  into 
sugar  of  the  protoplasm  of  the  tissue  cells  of  the  economy  on 
the  other  : for  we  have  observed  that,  in  the  normal  state, 
proteid  bodies  can  be  synthesized  from  carbo-hydrates,  and  it 
is  undoubted  that  in  the  pathological  conditions  of  certain 
forms  of  diabetes  these  proteids  are  broken  up  and  forced  to 
render  back  these  carbo-hydrates  to  the  blood,  this  time  in  the 
form  of  sugar  ; this  is  true,  no  doubt,  also  as  regards  the  flits 
of  the  body,  which  are  probably  the  first  to  be  transformed 
and  removed.  How  this  is  done  we  do  not  know,  but  probably 
through  the  action  of  the  nervous  system  ; at  least,  the  control 
of  the  chorda  tympani  nerve  over  the  submaxillary  gland 
would  lead  us  by  analogy  to  imagine  it  to  be  so. 

In  no  case  in  which  this  remedy  has  been  tried  have  we 
seen  any  ill  effects  from  the  presence  of  alcohol,  carbonic  acid, 
etc.,  in  the  blood  due  to  the  breaking  up  of  the  pathological 
sugar  by  the  yeast  cells.  On  the  contrary,  direct  improve- 
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ment  and  increase  of  weight  are  noticed,  probably  from  con- 
version of  the  alcohol  into  fat,  a process  which  is  often  going 
on  in  the  human  body  amongst  those  who  consume  a good 
deal  of  alcohol. 


Cancer. 

That  our  knowledge  of  the  etiology  and  pathology  of  this 
terrible  scourge  of  humanity  has  been  greatly  extended  during 
these  last  few  years  cannot  be  denied  for  a moment.  The 
desire  of  overcoming  a hitherto  incurable  disease  has  stimu- 
lated the  minds  of  men  to  find  a means  of  removing  this 
opprobrium  medicince,  and  of  relieving  its  unfortunate 
victims  from  the  sufferings  caused  by  it.  Though  the  efforts 
of  workers  have  resulted  in  many  new  lights  being  thrown 
upon  the  disease,  the  discovery  of  the  true  bearing  of  many 
peculiarities  formerly  mentioned  and  described,  but  not 
understood,  and  in  greater  success  surgically  by  means  of 
more  thorough  and  extensive  operations,  still,  any  success  by 
medical  treatment  has  seemed  as  far  off  as  ever. 

Cancer  is  on  the  increase  amongst  us,  although  the  cause 
for  this  does  not  seem  to  be  very  clear.  It  has  been  thought 
due  to  our  conditions  of  increased  civilization,  and  to  many 
other  causes,  some  of  them  ridiculous  and  absurd,  such  as  the 
eating  of  tomatoes.  The  increase  is  not  only  in  the  number 
of  cases  annually,  which  might  be  accounted  for  by  increase 
of  population,  but  the  percentage  also  has  increased.  It  has 
been  suggested  that,  owing  to  improved  hygienic  conditions, 
and  attention  to  the  preservation  of  infant  life,  more  people 
reach  the  age  at  which  cancer  may  be  expected  than  was 
formerly  the  case,  hence  more  cancerous  individuals.  If  this 
is  really  so  now,  it  will  be  still  more  so  in  the  future,  which 
makes  the  discovery  of  a medical  remedy  all  the  more  impera- 
tive. 

The  cancer  age,  as  it  has  been  called,  may  be  said  to 
commence  at  the  time  when  the  body  is  fully  mature  and 
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the  reproductive  functions  are  beginning  to  decline.  Uterine 
cancer  is  common  about  the  age  of  forty,  cancer  of  the  breast 
a few  years  later.  I11  the  male  sex  the  cancer  age  com- 
mences decidedly  later  than  in  the  opposite  sex. 

Cancer  is  a malignant  growth,  usually  a tumour,  charac- 
terized by  an  extravagance  in  the  size,  shape,  and  prolifera- 
tion of  epithelial  cells.  It  invariably  originates  locally  in  the 
epithelium,  but  does  not  confine  itself  to  structures  in  which 
epithelium  is  normally  found,  but  by  its  extravagance  pushes 
its  way  into  other  tissues,  infiltrating  their  elements  with  its 
cells,  pushing  them  to  one  side  or  the  other  and  occupying 
their  site.  This  abnormal  invasion  maybe  exceedingly  active 
in  those  of  robust  and  vigorous  nature,  but  of  very  little 
activity  in  old  and  worn-out  people  in  whom  life’s  stream 
Hows  but  sluggishly  ; hence  cancers  have  been  known  to  run 
on  for  even  thirty  years  in  the  latter  case,  or  to  have 
destroyed  life  in  a few  months  in  the  former  case. 

The  activity  of  the  disease  is  shown  by  the  continued 
infiltration  of  the  cancer  cells  into  the  surrounding  tissues, 
but  it  would  be  well  to  mention  here  that  there  are  no  such 
things  as  typical  cancer  cells,  for  cells  of  exactly  the  same 
shape,  size,  and  peculiarity  are  met  with  elsewhere  in  places 
where  their  presence  is  normal,  and  it  is  only  when  they  are 
found  in  places  where  they  have  no  business,  and  so  give  rise 
to  destructive  changes,  that  we  can  say  that  they  constitute 
the  cells  of  a cancer.  These  cells  penetrate  structures  through 
their  lymphatic  spaces,  in  which  they  lie  free,  and  by  their 
exuberance  of  proliferation  and  growth  press  upon  their  walls 
and  widen  them  out,  thus  causing  an  appearance  of  acini  or 
alveoli,  which  communicate  freely  with  each  other,  forming 
tunnels  and  labyrinths,  whose  walls  form  the  stroma  of  the 
cancer,  wherein  lie  the  bloodvessels  and  the  squeezed  remains 
of  the  original  structure  invaded.  Owing  to  this  squeezing, 
and  to  the  irritation  set  up  by  the  extravagant  cell  prolifera- 
tion, these  walls  inflame,  and  are  infiltrated  with  small  round 
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cells  which  pass  between  their  fibres  and  between  the  bundles 
of  the  connective  tissue.  The  result  of  this  is  the  formation 
of  fibroid  tissue,  with  subsequent  contraction,  by  which  the 
bloodvessels  are  so  pressed  upon  that  very  little  blood  passes, 
and  the  cancer  assumes  a bard,  stony  feel.  With  this  lessened 
supply  of  blood  there  naturally  comes  degeneration,  and,  if 
near  a surface,  ulceration,  which  appears  to  be  an  effort  of 
Nature  to  throw  off  the  disease.  By  the  mode  of  growth 
just  described  it  will  be  noticed  that  there  can  be  no  capsule, 
and  no  definite  limit  between  the  cancer  and  the  normal 
structures  contiguous  to  it.  If  the  cancer  cells  should  be  small, 
as  they  always  are  in  the  quick-growing  varieties,  it  is  more 
easy  for  them  to  find  their  way  along  the  lymphatic  channels, 
and  the  contrary  holds  good  concerning  the  larger  cells.  In 
either  case  it  is  safe  to  conclude  that  there  is  infection  up  to 
the  first  gland,  whose  portcullis  bars  the  road,  but  bars  it  for 
a while  only,  for  a reinforcement  of  cells  forces  the  outer 
defences  of  the  gland,  which  then  yields  gradually  from  cortex 
to  efferent  vessel,  and  by  the  time  this  is  attained  the  whole 
gland  has  become  cancerous. 

Such  is,  in  brief  outline,  the  history  of  cancer.  Let  us 
now  see  what  should  induce  a few  cells,  a single  cell,  or  a 
local  group  of  cells,  to  suddenly  take  on  such  an  extraordinary 
action.  It  would  be  beyond  reason  to  suppose  that  they 
would  do  so  spontaneously,  and  from  no  exciting  cause.  It  is 
impossible  here  to  enter  into  all  the  factors  that  have  been 
suggested  by  authors  as  causes.  Most  of  them  possess  great 
interest,  such  as  heredity,  age,  geographical  distribution, 
locality,  etc.  Each  has  some  bearing  upon  certain  cases, 
none  has  a universal  application,  though  as  regards  con- 
ditions it  may  be  remarked  that  patients  removed  from 
unfavourable  environment  after  operations  for  cancer  have 
fared  better,  cceteris  paribus , as  regards  recurrence  than 
those  who  have  returned  to  their  previous  surroundings, 
perhaps  unhygienic,  or  possibly  possessing  some  attribute 
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favouring  the  growth  of  cancer,  this  having  yet  to  be  dis- 
covered. 

Generally  speaking,  no  satisfactory  explanation  can  be 
given  regarding  the  cause  of  the  disease.  Cancer  has  been 
more  often  than  not  traced  to  either  some  continued  irritation 
or  to  a direct  blow.  As  an  instance  of  the  former  we  may 
cite  epithelioma  which  occurs  on  the  lips  of  smokers  who  use 
a clay  pipe,  the  warm,  porous  stem  of  which  sticks  to  the 
moist  mucous  membrane,  so  that  it  is  torn  away  every  time 
the  pipe  is  removed.  An  ordinary  wart,  mole,  or  little 
papillomatous  growth  on  a scar  may  take  on  cancerous  action 
from  being  constantly  irritated  and  fiddled  with.  Most 
medical  men  have  been  told  the  story  from  the  mother  of  a 
child  kicking  her  violently  in  the  breast,  either  in  anger  or  in 
play.  Another  story  has  often  been  told  me  when  in  Wilt- 
shire, that  the  sufferer  remembered  leaning  heavily  with  her 
breast  011  the  handle  of  a hay-rake,  and  that  ever  since  then 
the  breast,  had  felt  more  or  less  tender,  until  the  time  when  a 
distinct  swelling  was  noticed.  Dr.  Unoneau  has  pointed  out 
that  in  cancer  of  the  oesophagus  the  disease  invariably  occurs 
in  one  of  three  places,  either  at  a point  behind  the  cricoid  carti- 
lage, or  at  another  where  the  oesophagus  passes  behind  the  bifur- 
cation of  the  trachea,  or  a third  just  where  it  enters  the  opening 
in  the  diaphragm.  Now,  it  is  precisely  at  these  places  that  we 
find  there  is  a narrowing  of  the  tube,  and  consequently  greater 
irritation  from  friction,  especially  among  people  who  are  silly 
and  careless  enough  to  bolt  their  food.  Whether  the  sub- 
jacent tissues  are  weakened  by  irritation  or  blows,  and  there- 
fore cannot  resist  the  invasion  of  the  epithelial  columns,  we 
are  not  yet  in  a position  to  say. 

It  has  been  remarked  that  attendants  upon  those  suffering 
from  cancer  have  themselves  sooner  or  later  developed  the 
disease,  and  this  whether  the  two  have  been  blood  relations, 
related  by  matrimonial  ties,  or  totally  unrelated.  An  example 
of  the  last,  which  came  under  my  observation  a few  years  ago, 
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is  a very  forcible  illustration.  The  proprietress  of  a large 
school  for  girls  retired,  and  went  to  live  in  a country  village, 
where  she  built  herself  a house.  About  a year  afterwards 
she  developed  cancer,  and  was  constantly  attended  by  one 
who  had  been  a governess  for  many  years  in  the  school.  The 
proprietress  died,  and  bequeathed  the  house  to  the  governess, 
who  continued  to  reside  there,  but  very  soon  was  taken  with 
the  same  disease  as  her  old  friend,  from  which  she  also  died. 
Besides  cases  like  this,  it  has  been  noticed  that  cases  of  what 
has  been  called  contact  cancer  have  occurred  not  infrequently  ; 
by  this  term  is  meant  that  one  local  growth  has  seemingly 
excited  another  similar  one  in  healthy  tissues  frequently  in 
contact  with  it,  such  as  a growth  on  one  lip  provoking  a corre- 
sponding growth  on  the  other  at  the  opposed  part.  Again, 
cases  have  been  known  to  occur  among  succeeding  tenants  of 
certain  houses  ; latterly  the  medical  papers  have  been  very 
full  of  reports  of  such  cancer-houses. 

These  several  considerations  have  led  to  the  idea  that 
cancer  may,  after  all,  be  due  to  some  living  force  from  the 
outside,  either  bacteria  or  protozoa,  as  in  malaria.  This  idea 
is  considerably  strengthened  by  the  discovery  that  other 
diseases,  such  as  actinomycosis,  or  the  wooden  tongue  of 
cattle,  which  also  occasionally  attacks  mankind,  always 
formerly  regarded  as  a form  of  cancer,  is  a disease  really  due 
to  the  ray  fungus,  or  actinomyces.  Since  the  beginning  of 
this  decade  an  enthusiastic  search  has  been  made  for  the 
possible  micro-organism,  together  with  repeated  experiments 
upon  the  inoculability  of  cancer  from  animal  to  animal  of  the 
same  species,  and  from  an  animal  of  one  species  to  that  of 
another.  The  hunt  for  a micro-organism  resulted  in  the 
statement  by  Kiibasoff  that  he  had  discovered  a special  rod- 
shaped bacterium  as  the  cause  of  all  cancers,  in  a claim  by 
Scheurten  to  the  discovery  of  the  spores  of  bacilli,  in  Schill’s 
double-pointed  bacillus,  in  Lampiasi’s  bacillus,  etc.,  yet  no 
subsequent  observer  was  ever  able  to  corroborate  these  dis- 
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coveries.  The  next  interesting  communication  was  made  by 
Dr.  W.  Russell,  who  discovered  bodies  in  the  cells  of  cancers 
which  stain  brilliantly,  and  have  therefore  been  named  fuchsin 
bodies.  These,  he  is  persuaded,  have  a very  decided  influence 
upon  the  cause  of  cancer ; he  describes  them  as  propagating 
by  budding,  and  so  imagines  them  to  be  related  to  the 
saccharomyces  tribe.  These  observations  have  been  con- 
firmed by  others,  who  have  supposed  them  to  be  protozoa  of 
the  form  coccidium.  The  good  work  has  been  carried  on 
by  Jackson-Clarke,  Ruffer,  and  Plimmer,  and  others,  yet 
absolute  conviction  is  not  yet  brought  home  to  the  majority. 
Russell  himself  has  found  his  fuchsin  bodies  in  other  structures, 
both  physiological  and  pathological ; also  skilful  manipulators 
and  bacteriologists  tell  me  that  they  can  produce  similar 
appearances  in  almost  any  tissues  by  a skilful  handling  of  the 
stains.  Let  us  just  take  a glance  at  the  difficulties  that 
Robert  Koch  had  to  overcome  before  he  could  demonstrate 
the  tubercle  bacillus  without  possible  refutation,  and  the 
many  scientific  sniffings  that  ensued.  Because  we  can  now 
make  preparations  of  this  bacillus  by  the  dozen  in  a few 
minutes,  it  seems  that  the  process  must  always  have  been 
known,  and  the  same  remark  applies  to  its  cultures  ; thus  we 
are  likely  to  forget  all  the  hard  preliminary  work. 

It  may  be  in  the  future,  that  those  who  are  now  students 
will  read  with  some  amusement  all  our  gropings  in  the 
dark.  It  is  such  gropings,  however,  that  gradually  sweep 
away  the  darkness  ; let  us,  then,  grope  on.  It  would  appear 
that  a cause  of  this  disease  by  micro-organisms  is  the  only 
one  that  can  fit  in  with  all  the  facts  known  about  it ; the 
peculiar  cachexia  of  cancer,  which  is  so  pathognomonic,  can  be 
explained  as  due  to  toxins  ; any  other  explanation  is  difficult. 

Professor  Foa,  at  the  Medical  Congress  in  Rome,  gave  a 
most  admirable  review  of  the  work  done  by  different  observers, 
and  described  these  cancer  bodies  to  be  endo-protoplasmic 
bodies,  paranuclear,  and  enclosed  by  a double-outlined  capsule ; 
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they  consist  of  thin  protoplasm  and  a small  central  body  ; 
when  the  body  is  large,  the  protoplasm  on  the  surface  appears 
puckered  and  festooned,  the  whole  appearing  very  much  like 
a medlar  fruit.  These  parasites  are  of  smaller  size  than  a red 
corpuscle  ; they  invade  the  epithelial  cells,  and  push  the 
nucleus  to  one  side  ; should  a leucocyte  or  more  than  one 
enter  the  invaded  cell,  then  the  protozoon  appears  to  undergo 
coagulation  necrosis.  These  cancer  bodies  are  so  well  de- 
scribed in  Greene’s  ‘ Pathology,’  and  in  works  by  the  various 
investigators  already  referred  to,  that  further  information 
concerning  them  need  not  be  given  here. 

Experiments  made  to  ascertain  the  inoculability  of  cancer 
have  given  very  contradictory  results.  No  doubt  the  disease 
has  been  communicated  to  animals  of  the  same  species,  but 
it  has  never  yet  been  communicated  from  man  to  animals. 
What  is  really  required  in  order  to  prove  cancer  to  be  an 
infectious  or  contagious  disease  is  that  we  should  be  able  to 
separate  the  infective  material  or  ferment,  and  reproduce  the 
disease  with  this  at  will.  If  the  infective  material  should 
really  prove  to  he  a protozoon,  this  work  will  be  difficult, 
because,  although  we  know  very  well  that  malaria  is  due  to 
the  action  of  protozoa,  it  is  not  in  our  power  to  reproduce 
the  disease  or  to  make  cultures  of  the  parasite  outside  the 
body. 

It  is  worthy  of  remark  that  the  more  successful  cases  of 
inoculation  of  cancer  in  one  animal  from  another  occurred  in 
animals  that  were  about  the  cancer  age,  younger  animals  not 
being  affected  at  all.  This  fact  leads  us  on  to  consider  the 
question  of  the  terrain , or  medium  of  predilection  : for  it  is 
well  known  that  every  microbe  has  its  own  peculiar  fancy, 
hence  the  difficulty  of  cultivating  some  of  them  until  the 
pabulum  they  prefer  has  been  found  out ; it  may  be  therefore 
that,  unless  the  microbe  of  cancer  is  placed  in  surroundings 
that  are  very  favourable  to  it,  it  will  not  grow.  We  must  in 
consequence  try  to  find  out  what  these  conditions  may  be, 
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because  it  is  upon  them  that  the  whole  series  of  phenomena 
depend,  whether  the  cause  be  microbic  or  not. 

Now,  we  have  already  stated  that  the  cancer  age  is  a 
mature  age,  at  a time  when  the  processes  of  assimilation  and 
waste  are  about  evenly  balanced.  It  follows,  then,  that  any 
hereditary  or  acquired  weakness  would  be  likely  to  show  itself 
about  that  period,  from  diminution  of  cellular  activity.  The 
economy,  therefore,  is  not  equal  to  the  dietetic  strains  often 
put  upon  it,  that  it  could  perfectly  well  endure  when  the 
phenomena  of  growth  required  a large  amount  of  ingested 
food  ; the  elasticity  of  all  organs  is  considerably  diminished, 
consequently  their  functions  are  easily  disturbed. 

We  can  see  for  ourselves  that  the  urine  of  cancerous  people 
contains  much  less  urea  than  that  of  people  in  health,  showing 
a lessened  excretion  of  nitrogenous  matter.  This  matter, 
which  should  have  been  excreted,  is  probably  used  up  by  the 
neoplasm  in  the  manufacture  of  its  new  cells  ; hence  some 
physicians  have  interdicted  animal  meat  as  diet,  in  the  hope 
of  checking  this  undue  cell  proliferation. 

Passing  on  to  the  heat-producers  of  the  economy,  we  find 
that  the  favourite  points  of  attack  in  cancer  are  those  which 
are  the  more  richly  endowed  with  potential  sugar — the  uterus, 
breast,  liver,  stomach,  etc.  These  two  facts  taken  in  con- 
junction with  that  often  noticed,  that  the  actual  point  of  the 
commencement  of  cancer  is  situated  in  a cicatrix,  or  indura- 
tion, we  may  safely  conclude  that  disturbance  of  nutrition  is  a 
very  potent  factor  in  the  preparation  of  the  terrain  for  the 
reception  of  the  cancer  germ,  whatever  that  may  be. 

It  is  quite  possible  that,  in  these  points  of  predilection  or 
chosen  spots,  potential  glucose,  as  glycogen,  or  some  glucoside, 
may  be  stored  up  in  greater  quantity  than  is  normal,  owing  to 
a perverted  nutrition  ; and  this,  with  the  excess  of  circulating 
proteids,  so  feeds  the  invading  cells,  lying  in  the  lymph  spaces, 
with  such  a superabundance  of  food  that  they  grow  to  an 
enormous  size,  and  with  tremendous  rapidity,  adopting  all 
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sorts  of  odd  shapes  from  pressure  upon  one  another  in  the 
exuberance  of  their  growth.  Granting  the  theory  of  infection 
by  protozoa  to  be  true,  it  would  follow  that  these  well-fed 
cells  would  resemble  very  strongly  the  well-fed  caterpillar, 
into  whose  body  the  ichneumon  fly  deposits  its  eggs,  which 
eventually  hatch  out  and  destroy  their  host ; in  like  manner 
may  the  protozoa  take  up  their  abode  in  the  fat  cells  men- 
tioned. With  such  an  array  against  them,  what  can  the 
poor  leucocytes  do  ? They  do  their  best,  for  we  see  them 
after  they  have  penetrated  the  epithelial  cells  in  order  to 
get  at  their  enemy.  We  also  see  that  this  enemy,  in  such 
cases,  has  to  succumb,  yet  the  growth  is  so  rapid,  and  the 
leucocytes  probably  few  and  debilitated,  that  their  oppo- 
sition to  the  march  of  the  disease  is  usually  of  a very  feeble 
character. 

From  these  premises,  the  rational  medical  treatment  would 
appear  to  be,  first,  to  lessen  the  amount  of  ingested  nitrogen, 
and,  secondly,  to  break  up  the  glycogen  within  the  area  of 
invasion.  That  this  glycogenous  condition  is  a point  of  real 
moment  is  made  clear  by  M.  Brault’s  analysis  of  eighty-one 
cases  of  cancer  and  other  neoplasms,  which  gave  results  that 
they  not  only  contained  a notable  and  sometimes  exaggerated 
quantity  of  glycogen,  but  that  the  tumour  was  directly  the 
more  malignant  clinically  in  proportion  to  the  quantity  of 
glycogen  contained  in  it ; hence  cancer  has  been  termed  by 
I)e  Backer  to  be  the  result  of  a ‘ local  diabetes,’  and  it  is  on 
this  account  that  I have  included  cancer  among  those  diseases 
which  are  due  to  disturbance  of  the  glycogenic  function,  or 
perhaps  it  would  be  more  correct  to  say  the  distribution  of 
carbo-hydrates  to  the  tissues. 

How,  then,  can  we  fulfil  the  two  objects  of  treatment 
above  mentioned  ? The  first  may  be  accomplished  by  lessen- 
ing the  amount  of  animal  food — by  allowing  no  brown  meat, 
or  what  is  commonly  termed  ‘ butcher’s  meat.’  The  second  may 
be  carried  out  by  the  injection  of  pure*  ferments,  which  can 
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and  will  break  up  the  glycogen,  and  so  starve  the  growth. 
Furthermore,  again  granting  that  the  protozoon  theory  is 
correct,  it  is  perfectly  possible,  theoretically,  considering  the 
small  size  of  the  protozoa,  for  a vigorous  young  yeast  cell, 
acquiring  its  nourishment  in  situ  by  the  saccharine  of  the 
growth,  to  inglobe  and  digest  the  invading  protozoon. 

It  will  be  interesting  at  this  stage  to  mention  once  again 
how  pure  ferments  first  came  to  be  used  therapeutically  in 
cancer.  Among  the  numerous  guinea-pigs  used  for  the 
experiments  in  ascertaining  the  harmfulness  or  innocuity  of 
pure  yeasts,  when  injected  into  healthy  animals,  and  the  dose 
that  it  would  be  best  to  employ,  it  was  found  that  although 
the  little  creatures,  male  and  female,  lived  freely  together, 
from  which  progeny  might  reasonably  be  often  expected  (these 
animals  being  very  free  breeders),  yet  this  very  seldon  hap- 
pened, and  that  when  female  guinea-pigs  became  likely  to 
produce  little  ones,  these  either  arrived  before  their  time,  or, 
if  born  at  full  term,  they  were  seldom  fully  developed,  and 
died  shortly  after  birth. 

It  was  deduced  from  this  that  the  ferments  acted  upon 
the  glycogen  normally  present  in  the  uterus  and  ovaries,  by 
reducing  it  and  causing  its  absorption,  whereby  the  functions 
of  those  organs  became  altered  or  annulled.  Regarding  the 
fact  of  the  terrible  frequency  of  cancer  in  the  uterus  among 
women,  and  how  rapidly  this  disease  increases  during  preg- 
nancy (a  time  when  the  uterus  is  heavily  charged  with 
glycogen),  the  idea  arose  that  as  the  glycogen  present  in  the 
normal  condition  of  the  uterus  could  be  broken  up,  perhaps 
its  physiological  and  pathological  increase  might  also  be 
reduced,  and  cancer  arrested  or  cured.  What  has  just  been 
said  about  the  uterus  in  pregnancy  applies  with  equal  force 
to  the  breast  during  the  period  of  lactation  ; mammary  cancer 
in  such  cases  acquires  an  inordinate  activity,  as  if  ‘ lashed 
on  ’ (‘  le  cancer  recoit  un  coup  de  fouet  ’ — De  Backer)  from 
the  extra  amount  of  glycogen,  frequently  evidenced  by  a 
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glycosuria  which,  according  to  Ney,  is  the  normal  condition 
of  women  during  suckling. 

The  mode  of  application  varies  somewhat  with  the  condi- 
tions of  the  case.  It  is  not  much  good  injecting  the  ferments 
into  the  mass  of  the  tumour  when  it  is  very  hard,  unless  one 
were  lucky  enough  to  hit  off  one  of  the  spaces  in  which  the 
cells  lie  ; also  it  is  not  the  spot  of  activity,  but  of  commencing 
degeneration.  The  best  places  are  in  the  tissues  immediately 
surrounding  the  growth,  in  the  direction  of  the  lymphatics 
passing  towards  the  tumour,  as  well  as  in  those  passing  away 
from  it.  I am  inclined  to  begin  the  treatment  with  a full 
dose,  one  tubeful,  which  may,  however,  be  injected  in  two 
separate  places.  This  should  be  repeated  in  a week  and  in  a 
different  spot. 

For  epithelioma  of  the  lip,  very  little  is  required  at  a 
time — a few  drops  only  ; this  may  be  given  in  the  cheek  or 
chin,  near  the  angle  of  the  jaw.  For  internal  cancer,  it  is  as 
well  to  keep  as  near  the  tumour  as  possible  without  actually 
penetrating  it,  the  great  point  being  to  hit  off  the  zone  of 
active  cell  proliferation,  or  places  may  be  chosen  at  a distance 
if  the  lymphatics  lead  to  regions  near.  In  uterine  cancer,  the 
iliac  regions,  the  buttocks,  and  Scarpa’s  triangle  are  good 
places ; in  all  cases  it  is  better  to  inject  as  deeply  as  possible, 
and  not  only  subcutaneously,  but,  of  course,  anatomical  con- 
siderations must  be  borne  in  mind  in  some  places,  such  as 
Scarpa’s  triangle. 

As  a dressing  for  cancerous  ulcers,  and,  indeed,  foul 
ulcers  of  any  kind,  syphilitic,  varicose,  etc.,  nothing  gives 
such  good  results  as  a bi-diurnal  dusting  with  a dried  prepara- 
tion of  yeast.  It  was  found  exceedingly  difficult  to  prepare 
a yeast  sufficiently  dry  to  keep  sound,  and  yet  retain  its 
properties  ; but,  after  many  experiments  in  the  laboratory, 
we  have  succeeded  in  preparing  a ‘ poudre  cicatrisante  ’ 
which  may  be  blown  on  to  an  ulcer  through  a paper  tube,  a 
common  pea-shooter,  or  insufflated  by  a little  apparatus  made 
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for  the  purpose.  This  powder  is  exceedingly  valuable  for 
insufflating  the  throat  and  nose  of  children  suffering  from 
diphtheria,  especially  when  there  may  be  a difficulty  in  the 
application  of  liquids.  The  powder  adheres  to  the  membrane 
and  destroys  it  by  digestion  ; it  is  not  nasty,  and  children 
have  no  objection  to  it.  For  cancer,  the  dusting  should  only 
be  exceedingly  light,  and,  after  it  has  been  left  for  an  hour, 
warm  sea  or  salt  water  on  rags  makes  a very  soothing  dress- 
ing. The  poudre  cicatrisante  should  be  kept  air-tight  in  a 
dry  cool  place,  as  warmth  and  moisture,  or  both  together, 
would  very  soon  lead  to  attempted  proliferation  and  degenera- 
tion. For  reports  of  cases  of  cancer  the  reader  is  referred  to  De 
Backer’s  writings,*  in  which  a selection  of  cases  will  be  found. 
My  cases,  both  of  this  and  of  the  other  diseases  mentioned 
in  this  work,  will  be  afterwards  published  in  monographs.  I 
regard  as  cases  amenable  to  treatment,  and  in  which  I have 
seen  more  favourable  results,  those  of  secondary  or  inoperable 
cancer  of  the  breast,  cancer  of  the  stomach,  uterus,  and  of 
the  rectum  ; of  epithelioma  of  the  lip  I have  only  one  case, 
which  is  doing  well.  Cancer  of  the  tongue  and  of  the  throat 
I regard  as  offering  very  little  hope  of  success  ; but,  then,  it 
is  only  fair  to  say  that  such  cases  have  only  been  brought  to 
me  when  far  gone.  Even  in  cases  in  which  the  disease  has  not 
been  arrested,  I have  found,  with  one  or  two  rare  exceptions, 
that  the  terrible  pain  has  been  very  considerably  relieved. 

In  concluding  this  subject,  I may  mention  that  all  I have 
written  is  without  any  reference  at  all  to  surgery.  Looking 
at  cancer  as  being  a disease  of  local  origin,  I am  the  more 
and  more  convinced  of  the  necessity  for  early,  free,  and  ex- 
tended surgical  interference,  which  will  probably  eradicate 
the  disease  entirely.  Should  there  be  any  doubt  as  to 
diagnosis,  an  exploratory  incision  can  do  no  harm,  and  is 
recommended  by  the  best  surgeons.  The  greatest  mistake 

* ‘ De  la  Cancerose  et  son  Traitement  par  les  Ferments  purs,’  par  le  Docteur 
De  Backer,  1897. 
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is  to  wait  until  the  symptoms  become  only  too  obvious.  Any 
patient  who  shuns  an  early  operation  is  either  exceedingly 
foolish  or  very  ill-advised.  Certainly,  none  of  us  like  the 
idea  of  being  maimed,  but  even  that  is  a very  good  exchange 
for  death  by  cancer. 

It  is  in  those  cases  of  recurrence,  or  in  internal  cancer,  in 
which  surgery  is  powerless,  that  we  more  than  hope,  and 
may  reasonably  expect,  many  cures  in  the  future.  T he  treat- 
ment is  a new  one,  but  founded  on  solid  grounds ; being  new, 
it  has  much  before  it,  also  much  may  be  evolved  from  it  in 
the  future.  If,  however,  even  at  the  commencement,  we  can 
cure  only  a few  of  those  who  could  not  otherwise  have  been 
cured,  we  shall  at  least  have  done  some  good,  which  is  the 
true  aim  and  object  of  the  profession  to  which  we  feel  proud 
to  belong. 


INDEX. 


A. 

Acclimatization  theory,  G4 
Acidity  of  yeasts,  213 
Actinomyces,  11,  17,  23,  23G 
Administration  of  yeasts,  126 
Aerobics,  26 
Age,  cancer,  232,  238 
Albuminuria,  114 
Alcohol,  47,  120,  231 

excretion  of,  104,  106 
reaction  of,  102 
therapeutics  of,  121 
Aldehyde,  29,  35 
Alexins,  9,  30,  58,  177 
production  of,  58,  65 
Allyl  sulphocyanide,  177 
Amoeboid  movements,  4 
Analysis  of  glucose,  37 
of  glycerine,  37 
of  glycogen,  225 
of  leucocytes,  9 
of  nucleins,  9 
of  succinic  acid,  38 
of  sugar,  37 
of  yeasts,  19 
Anaerobics,  26 

Antagonism  between  leucocytes  and 
bacteria,  71 

different  species  of  bacteria,  30 
yeasts  and  bacteria,  80 
Anthrax,  19,  54,  57,  65,  215 
symptomatic,  44 
Antimicrobic  serum,  61 
Antitoxin,  30 

mode  of  administration,  60 
object  of  treatment  by,  58 


Antitoxin,  preparation  of,  57 
results  in  diphtheria,  62 
results  in  tetanus,  62 
standardizing  of,  58 
treatment  by,  61,  62 
Arthrospores,  25 
Ascospores,  11,  79 
Aspect  of  phthisis,  149 
Associations,  microbic,  45 
Auto-intoxication,  49,  123 

B. 

Bacilli,  22 

of  tubercle,  inglobed,  78 
of  typhoid  fever,  209 
in  intestines,  222 
toxins  of,  212 

Backerine,  72,  93,  132,  134 
Bacteria,  19 

action  of  toxins  upon,  51 
antagonism  of,  44 
chemical  constituents  of,  25 
classification  of,  10,  19 
comparative  size  of,  74 
concurrence  of,  44 
fermentation  by,  39,  87 
higher  bacteria,  23 
inglobement  of,  76 
pathogenic,  41 
role  in  Nature,  39 
saprophytic,  39 
varieties  of,  21 
Bacteriology,  20 
Black  Hole,  51 
Blood,  5 

alkalinity  of,  113 


246  FERMENT  TREATMENT  OF  CANCER  AND  TUBERCULOSIS 


Blood,  cells  of,  7 

distribution  of  yeasts  in,  109 
Boils,  215 
Brewing,  13 

C. 

Calcareous  degeneration,  159 
Cancer,  129,  135,  232 
age,  232,  238 
bodies,  234 
causes  of,  234 
cells  of,  233 
contact,  236 
cure  of,  135 

treatment  of  by  ferments,  135, 
242 

Carbo-hydrates,  34,  227,  231 
Carbonic  acid,  34,  120,  231 
Carbuncle,  216 
Carreau,  169 
Cartouche,  94 
use  of,  96 
Cells,  3 

of  blood,  5,  7 
of  cancer,  233 
of  yeasts,  11,  14 
nucleus  of,  4 
varieties  of,  2 
Chemiotaxis,  66 
Cholera,  29,  48,  56 
Chromoplasm,  4 
Chyle,  6,  209 
Clinical  hints,  137 
Cocci,  21 
Concurrence,  44 
Conidia,  15 

Coagulation  necrosis,  8 

D. 

Diabetes,  7,  112,  140,  218 
clinical,  220 
experimental,  219 
in  the  young,  227 
spermine  in,  123 
treatment  of,  227 
by  ferments,  229 
Diapedesis,  4 

Diphtheria,  43,  44,  48,  185 
bacillus  of,  48,  77 
antitoxins  of,  57 
immunity  against,  53 


Diphtheria,  inglobement  of,  77 
mortality  from,  60 
treatment  by  ferments,  189 
by  serum,  186 

E. 

Endogenous  spores,  14,  25 
Enzymes,  10,  30,  48,  50 
Epithelioma,  242 
Exhaustion  theory,  63 
Experiments,  72,  76,  77,  103,  209, 
210,  223 
on  chyle,  209 
on  pancreas,  223 
on  typhoid  bacillus,  211 
on  products  of  expiration,  103 
with  yeasts  and  Bacterium 
ter  mo,  72 

and  diphtheria,  77 
and  mixed  bacteria,  76, 209 
and  staphylococci,  76 
and  typhoid  bacillus,  210 
Extracellular  poisons,  49 

F. 

Eavus,  11 
Fermentations,  32 
acetic,  45 
alcoholic,  34 
alexinic,  119 
butyric,  38,  46 
lactic,  45 
spontaneous,  85 
by  bacteria,  39,  87 
products  of,  50 
by  moulds,  33 
by  yeasts,  34 
products  of,  37 
Ferments,  9 

effects  of  chemical  agents,  28 
of  electricity,  27 
of  light,  27 

of  pressure,  27,  95,  114 
of  temperature,  26 
formed,  10 
glycolytic,  220 
soluble,  30 

Fibroid  change  in  tubercle,  159 
Fission  fungi,  19 
Fowls,  53 

Formalin,  29,  145,  187 


INDEX 


247 


Frequency  of  injection,  136 
Frogs,  54,  65 
Furunculosis,  215 

G. 

Gemmation,  15,  19 
Giant-cells,  157,  162 
Glanders,  53 
Glucose,  223 
Glycerine,  34,  122,  226 
Glycogen,  34,  112,  225,  241 
in  cancer,  240 
Glycolytic  ferment,  220 
Glycosuria,  216,  220 

during  lactation,  242 

H. 

Haemoglobin,  7 
Haemoptysis,  7,  162,  165 
Health,  5,  86 
Hints,  clinical,  136 
Humoral  theory,  64 
Hyaloplasm,  3 
Hyphae,  11,  15 

Hyphomycetes,  11,  17,  18,  107 
in  pulmonary  vein,  113 
in  sputa,  178,  179 
Hypodermic  syringe,  95 

I. 

Immunity,  43,  53 

direct  or  preventive,  56 
indirect  or  curative,  57 
by  previous  disease,  55 
theories  of,  63-67 

acclimatization,  64 
exhaustion,  63 
humoral,  64 
phagocytic,  65 
retention,  65 
Increase  of  weight,  115 
Indican,  170 
Infection,  42 

by  tubercle  bacillus,  153 
Influenza,  43,  184,  192 
Inglobement,  3,  8,  76 

of  Bacterium  ter  mo,  72 
of  Bacillus  accti,  69 
of  diphtheria  bacillus,  7 
of  saprophytes,  209 
of  staphylococci,  76 


Inglobement  of  tubercle  bacillus, 
156,  178 

of  yeasts  by  leucocytes,  107 
Injection,  128 

choice  of  locality,  128 
frequency  of,  136 
in  old  people,  184,  229 
reactions  after,  115,  130,  132 
Innocuity  of  ferments,  114 
Insusceptibility,  53 

of  fowls  to  tetanus,  53 
of  frogs  to  tubercle,  65 
of  frogs  to  anthrax,  65 
of  horses  to  diphtheria,  53,  57 
Intracellular  poisons,  48 


K. 

Kephir,  44 

L. 

Laryngeal  phthisis,  130,  174 
Lethal  dose,  57,  58 
Leucocytes,  65,  157 

chemical  constituents  of,  9 
functions  of,  8 
phagocytosis  by,  65,  66,  107 
Leucocytosis,  106,  111,  117,  139, 
156 

Leucomaines,  9,  31,  49 
Lipochromes,  23 
Locality  for  injection,  128,  180 
Lupus,  147 

M. 

Macrophages,  65 
Meningitis,  tubercular,  136 
Metabolism,  9 
Microbes,  20 

associations  of,  45 
in  phthisis,  166 
Micro-millimetre,  23 
Minerals  in  yeasts,  125 
Modes  of  administration,  126 
Moulds,  10,  81 

antagonism  to  yeasts,  33 
fermentations  by,  32,  82 
growth  of,  27 
phagocytosis  by,  82 
My  rosin,  176 


248  FERMENT  TREATMENT  OF  CANCER  AND  TUBERCULOSIS 


N. 

Nuclein,  9,  64,  123-125 

P. 

Pancreas,  221 
Paraglobulin,  9 
Paralysis,  229 

after  diphtheria,  187 
Phagocytosis,  65 
by  rnucors,  81 
by  yeasts,  68 

within  the  system,  178 
variation  in  power,  66 
Phosphates  in  nuclein,  9 
in  leucocytes,  9 
in  urine,  118 
Phthisis,  161 
acute,  161 
chronic,  163 

symptoms  of,  164,  166,  168 
treatment  by  ferments,  177 
Phylaxins,  65 
Pigment  in  yeasts,  68 
Pneumococci,  45,  184 
Poudre  cicatrisante,  242 
Pretyphoid  state,  212 
Principles  of  treatment,  119 
Protozoa,  240 
Pseudo-diphtheria,  187 
Ptomaines,  40,  49,  50 
Putrefaction,  39 

arrested  by  yeasts,  73,  209 

Q. 

Quantity  of  dose,  135 

E. 

Reaction  after  injection,  115,  130, 
132 

of  typhotoxin,  181 
Retention  theory,  63 
Rigors,  140 
Ringworm,  11 

S. 

Saccharomyces,  9,  209 
Saccharomyccs  cerevisics,  12,  14,  90 
cllipsoideus,  12 
Pastorianus,  14,  69 
Saprophytes,  39 


Scarlet  fever,  44,  131 
Schizomycetes,  11 
Serum,  57 

antimicrobic,  61 
antitoxic,  58 
Serumtherapy,  50 
results  of,  62 
Sozins,  65 
Spermine,  123,  177 
Spirilla,  22 
Spongioplasm,  3 
Sputa,  45,  178 
Standard  of  serum,  58 
Staphylococci,  22,  76,  168 
Streptococci,  21,  62,  168 
Succinic  acid,  34,  122 
Sugar,  10,  37,  218,  223,  224 
formula  of,  37 
conversion  of,  39 
in  cancer,  239 
Susceptibility,  55 
Syringe,  special,  95,  96 

T. 

Tabes  mesenterica,  169 
Teletypton,  48,  160,  186,  192 
Tension  of  pulse,  140 
Tetanus,  53,  62 
Thoracic  duct,  6,  208,  226 
Tissues,  2 
Toxalbuminoses,  48 
preparation  of,  51 
Trades,  influence  of,  150 
Treatment,  50,  61,  87,  171 
antitoxin,  61 
by  ferments,  50,  87 

of  cancer,  135,  240,  244 
of  diabetes,  228 
of  diphtheria,  186,  188 
of  furunculosis,  216 
of  tuberculosis,  177,  181 
of  typhoid  fever,  192,  212 
of  ulcerative  endocarditis, 
191 

Tubercle,  gray,  157 
yellow,  160 
bacillus  of,  143 
infection  by,  155 
Tubercular  laryngitis,  151 
meningitis,  136 
Tuberculin,  174,  175 


INDEX 


249 


Tuberculosis,  142 

by  direct  inoculation,  145 
by  inhalation,  148 
by  ingestion,  151 
of  cows,  152 
predisposition  to,  154 
treatment  of,  171 

by  ferments,  177,  181 
Typhoid  fever,  153,  192,  193 
toxins  of,  51,  194 
treatment  by  ferments,  195, 
197, 211 

by  ingestion  of  yeasts,  211 
Typhotoxin,  211 

U. 

Ulcerative  endocarditis,  190 
Urine,  75,  118,  218,  225,  230 
in  cancer,  239 
in  lactation,  242 

Y. 

Veins,  8,  11,  58,  110,  113 
Vintage,  12,  85 

W. 

Warfare  between  micro-organisms, 
71 

Widal’s  test,  197 
Wine,  13,  83,  85 
diseases  of,  86 
yeasts  of,  12,  13 
Wort,  34,  87,  92 

for  yeast  culture,  92 
for  injection,  93 

Y. 

Yeasts,  11 


Yeasts,  acidity  of,  213 

chemical  constituents  of,  19 
commercial,  89 
dangers  of,  90 
cultures  of,  91 

illustrations  of,  13,  14,  16, 
18,  89 

distribution  in  system,  108,  111 
effects  on  system,  111,  116 
injection  of,  96,  128 

choice  of  locality,  128,  180 
frequency  of,  136 
increase  of  weight  after, 
115 

innocuity  of,  114 
quantity  of,  135 
reactions  from,  132 
in  furunculosis,  217 
in  typhoid  fever,  197,  213 
modes  of  administration,  126 
phagocytosis  by,  70,  178 
physiological  properties  of,  87 
pigment  in,  68 

power  of  arresting  putrefaction, 
73,  209 
in  blood,  99 
in  organs,  101 
preservation  of,  114 
reproduction  of,  16 
ultimate  fate  in  the  system,  112 
varieties  of,  12 
vitality  of,  38 
wild,  13 
Yellow  fever,  53,  141 

Z. 

Ziehl-Nielsen’s  stain,  143 
Zyme,  9 


LIST  OF  NAMES  QUOTED 


Achalme, 141 

Belohoubek,  19 
Bernard,  Claud,  225 
Bokenham,  44 
Bourquelot,  113 
Broadbent,  Sir  William,  191 
Brown -Sequard,  123 
Brault,  240 

Bruhat,  14,  69,  84,  98,  115,  134 
Bulleid,  145 

Cadell,  195 
Capitan,  114 
Caravias,  122 
Carnot,  222 
Cartwrigbt-Wood,  58 
Cassaet,  128,  228 
Certes,  A.,  114 
Cbamberland,  57,  72 
Chantemesse,  51 
Cbarlier,  185 
Cbarrin,  222 
Cocbin,  Denys,  114 
Cogbill,  Sinclair,  173 
Coley,  44 

Darwin,  33 
Davaine,  19 

De  Backer,  14,  37,  62,  79,  84,  93, 
97,  98,  115,  129,  130,  139,  182, 
240,  243 

De  Bavay,  208,  209,  213 
Debouzy,  217,  228 
Debove,  60 
Dolbeau,  121 


Dumas,  113 
Duroy,  105 

Flexner,  23 
Foa,  237 
Forster,  125 
Foster,  Michael,  10 
Fraenkel,  143,  168 

Gay-Lussac,  37 
Grasset,  174 
Green,  145,  238 
Grimaux,  225 

Haffkine,  56 
Hale  White,  120 
Hansen,  13,  83,  85 
Holm,  88,  89 
Hubbard,  229 

Jacquemin,  13,  83,  85 
Jackson-Clarke,  237 
-Tenner,  169 
Joergensen,  88,  89 

Kaposi,  148 
Klebs,  77,  175 

Koch,  22,  65,  78,  86,  142,  143,  147, 
168,  174,  237 
Kubasoff,  236 

Lacbenaud,  127,  178 
Lake,  Richard,  174 
Lallemand,  105 
Lampiasi,  236 
Lauth,  225 


LIST  OF  NAMES  QUOTED 


251 


Lepine,  220,  224 
Lermoyez,  149 
Liebig,  224 

Liebreich,  Oscar,  145,  176,  185 
Loffler,  57,  77 
Lowne,  B.  T.,  165 
Luff,  31 

Lustgarten,  141 

Maragliano,  175,  176 
Maryx,  114 

Metschnikoff,  65,  66,  147 
Morgan,  195,  197,  207 
Morris,  Malcolm,  175 
Mosler,  153 

Ney,  242 

Obermeier,  22 
O’Hara,  208 

Pasteur,  26,  37,  83,  112 
Pavy,  224,  225 
Perrin,  105 
Pfeiffer,  192 
Plimmer,  237 
Poehl,  123 
Pravaz,  106 

Rabuteau,  121 
Raynaud,  131 
Richet,  Charles,  142 
Roberts,  Sir  William,  228 
Robson,  Henry,  128 
Roeckl,  154 
Roger,  44 


Rokitansky,  220 
Roshtchinin,  123 
Roux,  58,  61 
Ruck,  Carl  von,  175 
Ruffer,  237 

Sanarelli,  141 
Schafer,  112 
Scheurten,  236 
Scliill,  236 
Schmidt,  37 
Scdillot,  20 
Semple,  194 
Slizewicz,  69 
Snow,  H.,  129 
Squire,  Edward,  176,  177 

Taylor,  105 

Udransky,  38 
Unoneau,  235 

Vaughan,  125 
Vedel,  174 
Veliammoff,  123 

Walcot,  62 
Weir-Mitchell,  131 
Whittaker,  174 
Widal,  51,  94 
Woodhead,  Sims,  153 
Worthington,  62 
Wiirtz,  149 

Eiegler,  88 
Ziehl-Nielsen,  143 


the  end. 


BILLING  AND  SONS,  PRINTERS,  GUILDFORD 


1 S 0 8 . KSl 


MEDICAL,  SURGICAL  & HYGIENIC  WORKS 

PUBLISHED  BY 

THE  REBMAN  PUBLISHING  CO.,  Ltd., 

11,  ADAM  STREET,  STRAND,  LONDON. 

Registered.  Telegraphic  Address  : “SQUAMA,  London.” 


Books  marked  * belong  to  the  Blue  Cover  Series,  and  are  of  uniform  appearance. 

Just  Issued. 

* ANDERS— Practice  of  Medicine.  By  James  M.  Anders,  M.D., 

Ph.D.,  LL.D.,  Professor  of  the  Practice  of  Medicine  in  the  Medico- 
Chirurgical  College,  Philadelphia. 

In  two  Imperial  8vo.  volumes  of  over  600  pages  each.  Fully  Illustrated. 
Price,  Cloth  complete,  36s. 

The  practical  points,  especially  with  reference  to  diagnosis  and  treatment, 
are  not  only  completely  stated,  but  are  presented  in  a most  convenient  form  ; 
for  example,  the  differential  diagnosis  has  in  many  instances  been  tabulated. 
No  less  than  fifty-six  original  diagnostic  tables  are  given  throughout  the  work. 


*BALDY— Gynaecology  (Medical  and  Surgical).  Edited  by  J.  M. 

Baldy,  M.D.,  assisted  by  Henry  T.  Byford,  M.D. ; Edwin  Cragin,  M.D.  ; 
J.  H.  Etheridge,  M.D.  ; William  Goodell,  M.D.  ; Howard  A.  Kelly,  M.D. ; 
Florian  Krug,  M.D.  ; E.  E.  Montgomery,  M.D. ; William  R.  Pryor,  M.D.  ; 
and  George  M.  Tuttle,  M.D. 

One  Imperial  8vo.  volume.  360  Illustrations  (mostly  original)  in  text, 
and  37  Coloured  and  Half  tone  Plates.  Cloth.  800  pages.  Price  34s. 

"...  The  work  is  essentially  of  a practical  character.  It  is  well  printed 
and  beautifully  illustrated,  and  will  be  more  especially  valuable  as  a work  of 
reference." — Lancet. 

"...  The  nature  of  the  text  may  be  judged  from  its  authorship;  the  dis- 
tinguished American  authorities  who  have  compiled  this  publication  have  done 
their  work  well.  No  undue  importance  is  given  to  major  operations,  pessaries, 
or  eccentric  therapeutic  measures.  . . ." — British  Medical  Journal. 

“ . . . This  is  a very  complete  and  comprehensive  work,  and  we  think  fully 
entitled  to  the  place  claimed  for  it  by  the  authors." — British  Gynecological 
Journal. 


2 


Medical,  Surgical,  and  Hygienic  Works  published  by 


IggT  Just  Issued. 

BANGS  and  HARDAWAY — Genito  Urinary  and  Skin  Diseases. 

and  Syphilis.  Edited  by  L.  Bolton  Bangs,  M.D.,  late  Professor  of 
Genito-Urinary  and  Venereal  Diseases,  New  York  Post-Graduate  School 
and  Hospital,  and  William  A.  Hardaway,  M.D.,  Professor  of  Diseases 
of  the  Skin,  Missouri  Medical  College,  with  the  collaboration  of  forty-five 
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BOUCHARD— Auto-Intoxication  : Self-Poisoning  of  the  Indi- 
vidual. Being  a Series  of  Lectures  on  Intestinal  and  Urinary  Pathology. 
By  Professor  Bouchard,  Paris.  Translated  from  the  French,  with  an 
Original  Appendix,  by  Thomas  Oliver,  M.D.,  Professor  of  Physiology, 
University  of  Durham,  Newcastle-upon-Tyne. 

Royal  8vo.  302  pages.  Cloth.  Price  10s. 

The  Thirty-two  Lectures  in  this  volume  deal  with  the  toxines,  pathogenic  pro- 
cesses generally,  elimination  of  poisons,  preliminaries  to  the  study  of  the 
toxicity  of  emunctory  products,  intestinal  antisepsis,  and  of  various  diseases  due 
to  bacillary  products. 

“ No  one  can  read  this  work  through  without  having  his  eyes  opened  and 
finding  an  explanation  of  many  a doubtful  phenomenon  that  has  often  puzzled 
him  in  his  daily  practice.” — Lancet. 

BURET— Syphilis  in  Ancient  and  Prehistoric  Times.  With  a 

Chapter  on  the  Rational  Treatment  of  Syphilis  in  the  Nineteenth  Century. 
By  Dr.  F.  Buret,  Paris,  France.  Translated  from  the  French,  with  the 
Author’s  permission,  with  Notes,  by  A.  H.  OHMANN-DUMESNIL. 

Note. — Vol.  I.  gives  the  most  complete  history  of  Syphilis  from  prehistoric 
times  up  to  the  Christian  era. 

12mo.,  cloth.  230  pages.  Price  6s.  6d. 

Vol.  II.  and  Vol.  III.  in  one  volume  of  289  pages.  Price  8s.  6d. 

*BUTLER— Textbook  of  Materia  Medica,  Therapeutics,  and 
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of  Materia  Medica  and  Clinical  Medicine  in  the  College  of  Physicians  and 
Surgeons,  Chicago.  Illustrated  with  full -page  plates  and  woodcuts. 

Royal  8vo.  Nearly  1,200  pages.  Cloth.  17s. 

This  work  includes  the  drugs  contained  in  the  British  as  well  as  the  American 
Pharmacopoeia  up  to  1897,  and  has  been  undertaken  with  the  immediate  object 
of  supplying  the  general  practitioner  with  a clear,  concise,  and  practical  text- 
book, adapted  for  permanent  reference. 
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Mountain  Fever,  etc.  By  James  C.  Wilson,  M.D.  ; Solomon 
Cohen  M.D. ; C.  Meigs  Wilson,  M.D. ; Augustus  A.  Eshner,  M.D.  ; 
and  W Reynolds  Wilson,  M.D.  Compiled  from  “The  Annual  of  the 
Universal  Medical  Sciences”  (Sajous)  from  1888  to  1894,  inclusive.  _ By 
Augustus  A.  Eshner,  M.D.  With  copious  Commentaries  and  Additions. 
Embellished  by  Wood  Engravings  and  Maps. 
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S.  G.  Gant,  M.D. , Professor  of  Diseases  of  the  Rectum  and  Anus, 
University  and  Woman’s  Medical  Colleges,  Chicago.  With  chapters  on 
Cancer  and  Colotomy  by  Herbert  Wili.iam  Allingham,  F.R.C.S.  Eng., 
Surgeon  to  the  Great  Northern  Central  Hospital,  Assistant  Surgeon  to  St. 
Mark’s  Hospital  for  Diseases  of  the  Rectum,  Surgical  Tutor  to  St.  George’s 
Hospital,  etc.,  etc.,  London. 

Illustrated  with  16  full-page  Chromo-lithographic  Plates  and  115  Wood 
Engravings  in  the  text.  Royal  8vo.  400  pages.  Cloth.  Price  19s. 
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GOULD— Year-Book  of  Medicine  and  Surgery,  1898-  Col- 


lected and  arranged  by  eminent  Specialists  and  Teachers,  under  the  editorial 
charge  of  George  M.  Gould,  M.D. 

Associate  Editors:  William  Pepper,  M.D.  ; Louis  A.  Duhring,  M.D.  ; 
William  W.  Keen,  M.D.  ; J.  Chalmers  Da  Costa,  M.D.  : Barton  Cooke  Hirst, 
M.D.  ; J.  M.  Baldy,  M.D.  ; Louis  Starr,  M.D.  ; Archibald  Church,  M.D.  ; 
William  A.  Hardaway,  M.D.  ; Virgil  P.  Gibney,  M.D.  ; Howard  F.  Hansell, 
M.D.  ; Charles  H.  Burnett,  M.D.  ; E.  Fletcher  Ingals,  M.D.  ; John  Guitdras, 
M.D.  ; Henry  A.  Griffin,  M.D.  ; C.  A.  Hamann,  M.D.  ; and  Henry  Leffmann, 


One  vol. , Imperial  8vo.,  of  about  1,200  pages.  Profusely  Illustrated 
with  numerous  Woodcuts  and  handsome  full-page  Half  tone  and  Coloured 
Plates.  Cloth.  38s. 

"...  It  is  difficult  to  know  which  to  admire  most — the  research  and 
industry  of  the  distinguished  band  of  experts  whom  Dr.  Gould  has  enlisted  in 
the  service  of  the  Year-Book,  or  the  wealth  and  abundance  of  the  contributions  to 
every  department  of  science  that  have  been  deemed  worthy  of  analysis.  ...  It 
is  emphatically  a book  which  should  find  a place  in  every  medical  library.” — 
Lancet. 

This  work  is  not  merelva  scrapbook  composed  of  abstracts  from  more  or  less 
interesting  magazine  articles,  but  is  made  up  of  a series  of  carefully-written 
essays  by  thoroughly  responsible  authorities,  who  are  careful  to  record  the 
actual  progress  only.  The  information  is  presented  in  sufficiently  lengthy  form 
to  enable  the  reader  to  work  directly  from  the  book,  without  necessitating 
recourse  to  the  original  sources,  which  are,  however,  always  carefully  given. 
Not  only  the  periodicals,  but  also  all  the  new  books  of  the  year,  have  been 
sifted,  and  it  is  guaranteed  that  no  new  and  original  fact  is  left  unnoticed  if  it  is 
likely  to  add  to  practical  knowledge  in  any  department  of  medicine  or  surgery. 

Note.  —The  1896  and  1897  issues  of  the  Year-Book  may  still  be  obtained. 
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*GOULD  and  PYLE— Anomalies  and  Curiosities  of  Medicine. 

An  Encyclopedic  Collection  of  Rare  and  Extraordinary  Cases  and  Abnor- 
malities in  all  branches  of  Medicine  and  Surgery,  derived  from  an  Exhaustive 
Research  of  Medical  Literature  from  its  origin  to  the  present  day.  By 
George  M.  Gould,  A.M.,  M.D.,  and  Walter  L.  Pyle,  A.M.,  M.D. 
“ The  only  encyclopedia  on  this  subject  in  existence.” 

Imperial  8vo.  965  pages.  295  Engravings  and  12  full  page  Plates. 
Cloth.  34s. 

“This  book  stands  alone — a ‘human  document’  of  the  most  remarkable 
kind,  to  which  there  is  nothing  in  literature  aut  simile  aut  secundum  ...  a 
genuine  book,  which  can  be  read  by  men  of  mould.'' — The  Practitioner, 
London,  December,  1897. 

(In  the  Bibliographic  Index  alone  over  800  medical  works  are  specified.) 


GRANDIN  and  JARMAN— Obstetric  Surgery.  By  Egbert  H. 

Grandin,  M.D.,  Obstetric  Surgeon  to  the  New  York  Maternity  Hospital, 
Gynaecologist  to  the  French  Hospital,  etc.,  and  George  W.  Jarman,  M.D., 
Obstetric  Surgeon  to  the  New  York  Maternity  Hospital,  Gynaecologist  to 
the  Cancer  Hospital,  etc. 

With  about  100  Illustrations  in  the  text  and  15  full-page  Photographic 
Plates.  Royal  8vo.  About  350  pages.  Cloth.  Price  14s. 

"...  This  work,  written  from  the  surgical  point  of  view  of  obstetrics,  is  one 
which  would  be  read  with  great  advantage  by  rising  accoucheurs  in  general,  but 
par  excellence  by  those  who  aspire  to  the  important  post  of  obstetric  surgeon  to 
a hospital.” — Bristol  Medico-Chirurgical  Journal. 

“This  book  deals  with  election  in  obstetric  surgery,  and  we  heartily  recom- 
mend it  as  a safe  and  useful  guide  to  those  desirous  of  becoming  acquainted 
with  the  methods  of  modern  operative  surgery.  . . .” — Dublin  Journal  of 
Medical  Science. 


GRANDIN  and  JARMAN  — Pregnancy,  Labour,  and  the 

Puerperal  State.  By  Egbert  H.  Grandin,  M.D.,  Obstetric  Surgeon 
to  the  New  York  Maternity  Hospital,  Gynecologist  to  the  French  Hospital, 
etc  , and  George  W.  Jarman,  M.D.,  Obstetric  Surgeon  to  the  New  York 
Maternity  Hospital,  Gynecologist  to  the  Cancer  Hospital,  etc. 

With  41  full  page  Photographic  Plates.  Royal  8vo.  261  pages.  Cloth. 
Price  14s. 

GRUNWALD  -Atlas  of  Laryngology.  By  Dr.  L.  Grunwald,  of 

Munich. 

With  107  Coloured  Figures  on  44  Plates  and  25  Black-and  White  Illustra- 
tions [In  preparation. 

HAAB  and  DE  SCHWEINITZ— Atlas  of  External  Diseases 

of  the  Eye.  By  Dr.  O.  Haab,  of  Zurich.  Edited  by  George  E.  De 
Schweinitz  Professor  of  Ophthalmology,  Jeflerson  Medical  College, 
Philadelphia. 

With  100  Coloured  Illustrations.  [In  preparation. 
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HOFMANN  — Atlas  of  Legal  Medicine.  By  Dr.  E.  R.  Von 

IIokmann.  Edited  by  Frederick  Peterson,  M.D.,  Clinical  Professor 
of  Mental  Diseases,  Woman’s  Medical  College,  New  York. 

120  Coloured  Figures  and  193  beautiful  Half  tone  Illustrations. 

[In  preparation. 

*H0WELL — Physiology.  By  Henry  P.  Bowditch,  M.D.,  Professor 

of  Physiology,  Harvard  Medical  School ; John  G.  Curtis,  M.D. , Professor 
of  Physiology,  Columbia  University,  New  York  (Coll,  of  Phys.  and  Surg.) ; 
Henry  H.  Donaldson,  Ph.D.,  Head  Professor  of  Neurology,  University  of 
Chicago;  W.  H.  Howell,  Ph.D.,  M.D.,  Professor  of  Physiology,  Johns 
Hopkins  University;  Frederic  S.  Lee,  Ph.D.,  Adjunct  Professor  of  Phy- 
siology, Columbia  University,  New  York  (College  of  Phys.  and  Surg.)  ; 
Warren  P.  Lombard,  M.D.,  Professor  of  Physiology,  University  of  Michi- 
gan ; Graham  Lusk,  Ph.D.,  Professor  of  Physiology,  Yale  Medical  School; 
W.  T.  Porter,  M.D.,  Assistant  Professor  of  Physiology,  Harvard  Medical 
School;  Edward  T.  Reichert,  M.D.,  Professor  of  Physiology,  University 
of  Pennsylvania;  Henry  Sewall,  Ph.D.,  M.D.,  Professor  of  Physiology, 
Medical  Department,  University  of  Denver.  Edited  by  William  H. 
Howell,  Ph.D.,  M.D.,  Professor  of  Physiology,  Johns  Hopkins  Uni- 
versity. 

This  work  is  the  most  notable  attempt  yet  made  in  America  to  combine  in  one 
volume  the  entire  subject  of  Human  Physiology  by  well-known  teachers  who 
have  given  especial  study  to  that  part  of  the  subject  upon  which  they  write. 
The  complete  work  represents  the  present  status  of  the  science  of  Physiology, 
particularly  from  the  standpoint  of  the  student  of  medicine  and  of  the  medical 
practitioner. 

The  main  divisions  of  the  subject-matter  are  as  follows : General  Physiology 
of  Muscle  and  Nerve — Secretion — Chemistry  of  Digestion  and  Nutrition — Move- 
ments of  the  Alimentary  Canal,  Bladder,  and  Ureter — Blood  and  Lymph — Cir- 
culation-Respiration— Animal  Heat — Central  Nervous  System — Special  Senses 
— Special  Muscular  Mechanisms — Reproduction  — Chemistry  of  the  Animal 
Body. 

One  volume,  comprising  1,052  pages.  Cloth.  Price  34s. 

HUIDEKOPER— Age  of  the  Domestic  Animals.  Being  a com- 
plete Treatise  on  the  Dentition  of  the  Horse,  Ox,  Sheep,  Hog,  and  Dog, 
and  on  the  various  other  Means  of  Determining  the  Age  of  these  Animals. 
By  Rush  Shippen  IIuidekoper,  M.D.,  Veterinarian  (Alfort,  France). 

Royal  8vo.  225  pages.  Illustrated  with  200  Engravings.  Cloth. 
Price  10s. 

JACOB— Atlas  of  Internal  Medicine  and  Clinical  Diagnosis. 

By  Dr.  Chr.  Jacor,  of  Erlangen.  Edited  by  Augustus  A.  Eshner,  M.D., 
Professor  of  Clinical  Medicine  in  the  Philadelphia  Polyclinic. 

68  Coloured  Plates  and  64  IUustrations  in  the  text. 

[Ready  in  April,  1898. 

JAMES  — Rheumatism  and  its  Treatment  by  the  Use  of  the 
Percusso - Punctator,  By  J.  Brindley  James,  M.R.C.S.  Eng., 
L.R.C.P.I. 

Crown  8vo.  40  pages.  Limp  Cloth.  Price  2s. 
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JARUNTOWSKY — The  Private  Sanatoria  for  Consumptives, 

and  the  Treatment  adopted  within  them.  With  a detailed  descrip- 
tion of  the  principal  German  and  Swiss  Sanatoria,  Cases  most  Suitable  for 
Treatment,  Cost  of  Treatment,  etc.  By  Dr.  Arthur  von  Jaruntowsky, 
of  Posen,  formerly  Assistant  to  Dr.  Brehmer,  at  Goerbersdorf.  Translated 
by  E.  Clifford  Beale,  M.A.,  M.B.  Cantab.,  F.R.C.P.,  Physician  to  the 
City  of  London  Hospital  for  Diseases  of  the  Chest,  Victoria  Park,  London, 
etc.,  etc. 

Royal  8vo.  48  pages.  Cloth.  Price  Is.  6d.  net. 

JENNINGS— Colour-Vision  and  Colour-Blindness.  A Practical 

Manual  for  Railway  Surgeons.  By  T.  Ellis  Jennings,  M.D, 

Crown  8vo.  115  pages.  21  Engravings  and  1 Coloured  Plate.  Cloth. 
Price  5s.  6d. 


JOAL  and  WOLFENDEN— Respiration  in  Singing.  Authorised 

Translation  from  the  French  by  R.  N.  Woi.fenden,  M.D.  Cantab. 

For  Specialists,  Singers,  Teachers,  Public  Speakers,  etc.  Illustrated. 
Crown  8vo.  232  pages.  Cloth.  Price  4s. 

KEATING— How  to  Examine  for  Life  Insurance.  By  John 

M.  Keating,  M.D.,  Fellow  of  the  College  of  Physicians  and  Surgeons  of 
Philadelphia  ; Vice-President  of  the  American  Paediatric  Society ; Ex- 
President  of  the  Association  of  Life  Insurance  Medical  Directors. 

Royal  8vo. , 211  pages,  with  two  large  phototype  illustrations,  and  a 
plate  prepared  by  Dr  McClellan  from  special  dissections  ; also,  numerous 
cuts  to  elucidate  the  text.  Price  in  Cloth,  11s. 

Part  I.,  which  has  been  carefully  prepared  from  the  best  works  on  Physical 
Diagnosis,  is  a short  and  succinct  account  of  the  methods  used  to  make  exam- 
inations ; a description  of  the  normal  conditions  and  of  the  earliest  evidences 
of  disease.  * 

Part  II.  contains  the  instructions  of  twenty-four  Life  Insurance  Companies 
to  their  medical  examiners. 


*KEEN  and  WHITE— A Textbook  of  Surgery-  By  Chas.  H. 

Burnett,  Phineas  S.  Conner,  F.  S.  Dennis,  W.  W.  Keen,  Chas.  B.  Nan- 
crede,  Roswell  Park,  F.  J.  Shepperd,  L.  A.  Stimson,  Wm.  Thomson, 
J.  C.  Warren,  and  J.  W.  White.  Edited  by  Wm.  W.  Keen,  M.D.,  LL.D., 
and  J.  Wm.  White,  M.D.,  Ph.D. 

Extract  from  the  London  Lancet : “ If  this  textbook  is  a fair  reflex  of  the 
present  position  of  American  surgery,  we  must  admit  it  is  of  a very  high  order 
of  merit,  and  that  English  surgeons  will  have  to  look  very  carefully  to  their 
laurels  if  they  are  to  preserve  a position  in  the  van  of  surgical  practice.  ..." 

New  Revised  and  Enlarged  Edition  with  Appendix  on  X-rays  with 
Special  Plates.  2 volumes.  Imperial  8vo  , of  about  700  pages  each. 
Illustrated  with  over  500  Woodcuts  in  text,  and  37  full-page  Coloured  and 
Half  tone  Plates.  Cloth.  Complete,  42s 


KIRSTEIN  — Autoscopy  of  the  Larynx  and  the  Trachea. 

Direct  Examination  without  Mirror.  By  Alfred  Kirstein,  M.D.  Berlin. 
Translated  by  Max.  Tiiorner,  A.M.,  M.D. 

12  Illustrations.  Crown  8vo. , 70  pages  Cloth,  4s 
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^MACDONALD  — Surgical  Diagnosis  and  Treatment.  By 

J.  W.  Macdonald,  M.D.Edin.,  L.R.C.S.Edin.,  Professor  of  the  Practice 
of  Surgery  and  of  Clinical  Surgery  in  Hamline  University,  Minneapolis. 

One  handsome  8vo.  volume  of  800  pages.  Profusely  Illustrated  with 
Woodcuts  and  full-page  Plates.  Price,  cloth,  28s. 

“The  rapid  advances  made  in  the  art  of  surgery  have  caused  the  literature  of 
the  science  to  grow  apace.  Systems  of  surgery  in  many  volumes,  and  text- 
books of  large  dimensions,  are  now  deemed  necessary  to  cover  the  field.  The 
practical  part  of  the  surgeon's  work  is,  however,  almost  limited  to  two  ques- 
tions which  he  must  answer  every  time  his  professional  advice  or  help  is  sought. 
The  first  question  is,  ‘ What  is  the  disease  or  injury  ?'  The  second  question  is, 

‘ What  is  the  proper  treatment  ?' 

“ While  I would  not  for  a moment  underestimate  the  importance  of  a pro- 
found study  of  the  principles  of  surgery,  of  surgical  pathology,  or  of  bacteri- 
ology, the  present  work  will  be  confined  to  a solution  of  the  two  questions  just 
mentioned,  with  a view  of  putting  into  the  hands  of  students  and  practitioners 
a single  volume  containing  the  most  practical  part  of  practical  surgery.” — From 
the  A uthor's  Preface. 

&gF  Just  Issued. 

MALLORY  and  WRIGHT.  — Pathological  Technique : A 

Practical  Manual  for  the  Pathological  Laboratory.  By  Frank  B. 
Mallory,  A.M.,  M.D.,  Assistant  Professor  of  Pathology,  Harvard 

University  Medical  School  ; Assistant  Pathologist  to  the  Boston  City 
Hospital ; Pathologist  to  the  Children’s  Hospital  and  to  the  Carney 
Hospital,  Boston;  and  James  H.  Wright,  A.M.,  M.D.,  Director  of  the 
Laboratory  of  the  Massachusetts  General  Hospital  ; Instructor  in  Pathology 
Harvard  University  Medical  School. 

One  handsome  octavo  volume  of  397  pages,  with  105  illustrations. 
Price,  cloth,  14s. 

This  book  is  designed  especially  for  practical  use  in  pathological  laboratories, 
both  as  a guide  to  beginners  and  as  a source  of  reference  for  the  advanced. 
The  book  will  also  meet  the  wants  of  practitioners  who  have  opportunity  to  do 
general  pathological  work. 

Besides  the  methods  of  post-mortem  examinations  and  of  bacteriological 
and  histological  investigations  connected  with  autopsies,  the  special  methods 
employed  in  clinical  bacteriology  and  pathology  have  been  fully  discussed. 

In  the  parts  devoted  to  Bacteriology  and  to  Pathological  Histology  the 
authors  have  not  endeavoured  to  make  an  exhaustive  collection  of  methods  and 
formula?,  but  rather  to  select  those  which  have  been  found  of  the  greatest 
service  in  practical  work. 

“ I have  been  looking  forward  to  the  publication  of  this  book,  and  I am  glad 
to  say  that  I find  it  to  be  a most  useful  laboratory  and  post-mortem  guide,  full 
of  practical  information,  and  well  up  to  date.” — William  H.  Welch,  Pro- 
fessor of  Pathology,  Johns  Hopkins  University,  Baltimore,  Md. 

MANTON— A Syllabus  of  Lectures  on  Human  Embryology. 

An  Introduction  to  the  Study  of  Obstetrics  and  Gynaecology,  with  a 
Glossary  of  Embryological  Terms.  By  Walter  Porter  Manton,  M.D., 
Lecturer  on  Obstetrics  in  Detroit  College  of  Medicine  Fellow  of  the 
Royal  Microscopical  Society,  of  the  British  Zoological  Society,  etc. 

Interleaved  for  taking  Notes,  and  Illustrated  by  Outline  Drawings  and 
Photo  Engravings  12mo.,  250  pages,  including  the  blank  leaves  for 
Notes.  Cloth,  price  6s.  6d. 
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MANLEY — Hernia : its  Palliative  and  Radical  Treatment  in 
Adults,  Children  and  Infants.  By  Thos.  H.  Manley,  A.M.,  M.D., 
Visiting  Surgeon  to  Harlem  Hospital,  Member  of  the  National  Association 
of  Railway  Surgeons,  etc.,  etc. 

Royal  8vo. , 230  pages.  Illustrated.  Cloth.  Price  8s.  6d. 


|g§^  Just  Issued. 

MOORE. — Orthopedic  Surgery.  By  James  E.  Moore,  M.D., 

Professor  of  Orthopedic  and  of  Clinical  Surgery  in  the  College  of  Medicine 
of  the  University  of  Minnesota  ; Fellow  of  the  American  Surgical 
Association  ; Member  of  the  American  Orthopedic  Association  ; Surgeon 
to  St.  Barnabas  Hospital,  Minneapolis,  etc. 

Octavo  volume  of  360  pages,  beautifully  illustrated  with  177  half-tones, 
from  photographs  made  specially  for  this  work.  Price,  cloth,  14s. 

A practical  book  based  upon  the  author's  experience,  in  which  special  stress 
is  laid  upon  early  diagnosis,  and  treatment  such  as  can  be  carried  out  by  the 
general  practitioner.  The  teachings  of  the  author  are  in  accordance  with  his 
belief  that  true  conservatism  is  to  be  found  in  the  middle  course  between  the 
surgeon  who  operates  too  frequently  and  the  orthopedist  who  seldom  operates. 


MOORE  — Meteorology.  By  J.  W.  Moore,  B.A.,  M.D.,  M.Ch., 

Univ.  Dubl. 

One  volume,  crown  8vo.,  438  pages.  Price  8s. 

Contents. — Part  I. — Introduction.  Part  II. — Physical  Properties  of  the 
Atmosphere — Air— Temperature — Radiation — Atmospherical  Pressure — Atmo- 
spherical Moisture  (Atmidometry,  Hygrometry,  Hyetometry) — Atmospherical 
Electricity.  Part  III. — Weather  and  Climate.  Part  IV. — The  Influence  of 
Weather  and  Season  on  Disease. 

“ Dr.  Moore  does  not  presuppose  much  knowledge  on  the  part  of  his  readers, 
and  does  not  disdain  to  enter  into  minute  details  on  the  elementary  laws  of  physics 
—the  different  kinds  of  thermometer,  the  history  and  principles  of  the  baro- 
meter and  such  like.  . . . We  may  say  in  conclusion  that  the  work  is  well 
printed  and  handsomely  illustrated.” — Lcmcet. 


MORISON  — Cardiac  Failure  and  its  Treatment.  With 

Especial  Reference  to  the  Use  of  Baths  and  Exercises  in  Failure  of  the 
Heart.  By  Alexander  Morison,  M.D.  Edin.,  F.R.C.P.  Edin.,  etc., 
Physician  to  Out-Patients,  Great  Northern  Central  Hospital  and  Children’s 
Hospital,  Paddington  Green  ; Physician  to  St.  Marylebone  Dispensary, 
London.  With  an  Appendix  by  Medizinalrath  Dr.  Groedel,  of 
Bad-Nauheim.  Uust  ready. 

In  one  demy  8vo.  vol.  of  276  pp.,  profusely  Illustrated  with  over  100 
woodcuts  and  sphygmograms  of  cases,  and  four  plates  exhibiting  48 
figures,  price  10s. 

“ We  can  confidently  recommend  this  work  as  a comprehensive,  thorough, 
and  liberal  exposition  of  what  is  at  present  known  on  the  subject  treated  of.'  — 
Journal  of  Babieology  and  Climatology. 


The  Rebman  Publishing  Company,  Ltd. 
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MYGIND — Deaf-Mutism.  By  Holger  Mygind,  M.D.  (Copen- 

hagen). 

Crown  8vo. , over  300  pages.  Cloth.  Price  8s. 

Contents. — Introduction  : Definition — Literature — Classification.  Distribu- 
tion : Countries  — Races  — Religions  — Sexes.  Etiology  and  Pathogenesis  : 
Natural  Influences — Unfavourable  Social  and  Hygienic  Conditions — Heredity 
— Consanguinity — Other  Remote  Causes-— Immediate  Causes — Morbid  Anatomy 
— Symptoms  and  Sequelae — Diagnosis — Prognosis — Treatment. 


NORRIS  and  DICKINSON  — Obstetrics.  Edited  by  R.  C. 

Norris,  M.D.,  and  R.  L.  Dickinson,  M.D.  (Art  Editor). 

Contributors:  J.  C.  Cameron,  M.D.,  E.  P.  Davis,  M.D..  C.  W.  Earle, 
M.D. , J.  H.  Etheridge,  M.D.,  H.  J.  Garrigues,  M.D.,  B.  C.  Hirst,  M.D., 
C.  Jewett,  M.D..  H.  A.  Kelly,  M.D.,  C.  D.  Palmer,  M.D.,  T.  Parvin,  M.D., 
G.  A.  Piersol,  M.D.,  E.  Reynolds,  M.D.,  and  H.  Schwarz,  M.D. 

The  object  of  the  work  is  to  exemplify  practical  obstetrics,  to  represent  the 
latest  advances  in  the  science,  and  to  elucidate  the  best  modern  methods  of  pro- 
cedure. The  more  conspicuous  feature  of  the  treatise  is  its  wealth  of  illustrative 
matter.  It  will  easily  redeem  its  claim  as  the  most  sumptuously  illustrated 
work  on  obstetrics  of  the  period. 

In  two  parts,  Imperial  8vo.,  of  about  600  pages  each,  with  900  Illus- 
trations in  the  text,  and  56  full-page  Half-tone  and  Coloured  Plates. 
Cloth.  Price  complete,  42s. 

“ This  truly  magnificent  work.  . . —Bristol  Medico-Chirurgical  Journal. 

“This  is  undoubtedly  the  best  text-book  of  obstetrics  yet  published.” — Aus- 
tralian Medical  Gazette. 

“ In  the  number,  the  excellence,  and  the  beauty  of  production  of  the  illustra- 
tions it  far  surpasses  every  other  book  upon  the  subject.” — British  Medical 
Journal. 


I$3ir  fust  Issued. 

PENROSE. — A Text-Book  of  Diseases  of  Women.  By  Charles 

B.  Penrose,  M.D.,  Ph.D.,  Professor  of  Gynecology  in  the  University  of 
Pennsylvania  ; Surgeon  to  the  Gynecean  Hospital,  Philadelphia. 

In  one  handsome  octavo  volume  of  529  pages,  with  217  Illustrations, 
nearly  all  from  drawings  made  specially  for  this  work.  Price,  cloth,  20s. 

In  this  work,  which  has  been  written  for  both  the  student  of  gynecology  and 
the  general  practitioner,  the  author  presents  the  best  teaching  of  modern 
gynecology  untrammelled  by  antiquated  theories  or  methods  of  treatment. 
In  most  instances,  but  one  plan  of  treatment  is  recommended,  the  author 
desiring  to  avoid  confusing  the  student  or  the  physician  who  consults  the  book 
for  practical  guidance. 


*PEPPER — A Treatise  on  the  Theory  and  Practice  of  Mecli 

cine.  Edited  by  Wm.  Pepper,  M.D. 

List  of  Authors.— J.  S.  Billings,  M.D.,  Hygiene.  Francis  Delafield, 
M.D.,  Kidneys  and  Lungs.  R.  H.  Fitz,  M.D.,  Peritoneum,  Liver,  and  Pan- 
creas. James  W.  Holland,  M.D. , Urine.  E.  G.  Janeway,  M.D. , Heart, 
Aorta,  Arteries,  and  Veins.  Henry  M.  Lvman,  M.D. , Diathetic  Diseases. 
William  Osier,  M.D.,  Blood  and  Spleen.  William  Pepper,  M.D. , Fevers, 
Pharynx,  Esophagus,  Stomach,  and  Intestines.  W.  Gilman  Thompson, 
M.D.,  Tuberculosis,  Scrofula,  Syphilis,  Diphtheria,  Erysipelas,  Malaria, 
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Cholera,  and  Yellow  Fever.  W.  H.  Welch,  M.D.,  Inflammation,  Embolism, 
Thrombosis,  Fever,  and  Bacteriology.  James  T.  Whittaker,  M.D.,  Scarlatina, 
Measles,  Rotheln,  Variola,  etc.  James  C.  Wilson,  M.D.,  Air  Passages  and 
Pleura.  Horatio  C.  Wood,  M.D.,  Nervous,  Muscular,  and  Mental  Diseases. 

In  two  Imperial  8vo.  volumes  of  1,000  pages  each.  Illustrated  with 
Woodcuts  and  full-page  Coloured  and  Half-tone  Plates.  Price  30s.  per 
volume. 

“ It  is  written  in  a thoroughly  scientific  as  well  as  practical  spirit.  ...  It  is 
not  only  thoroughly  up  to  date,  but  produced  by  writers  w'ho  are  known  for 
their  clinical  acumen  and  pathological  learning,  and  will,  without  doubt,  be 
studied  as  widely  in  this  country  as  in  the  land  of  its  production."  —Lancet. 

POWER.  — Some  Points  in  the  Anatomy,  Pathology,  and 

Surgery  of  Intussusception  : being  the  Hunterian  Lectures  for  1897 
delivered  at  the  Royal  College  of  Surgeons.  By  D’Arcy  Power,  M.A., 
M.B.  Oxon.,  F.R.C.S.  Eng.,  Surgeon  to  the  Victoria  Hospital  for  Children, 
Hunterian  Professor  of  Pathology  and  Surgery  at  the  Royal  College  of 
Surgeons  of  England,  etc. 

One  Demy  8vo.  volume.  83  pages.  Illustrated.  Price  4s.  [Just  out. 
USif  Just  Completed. 

PRINGLE— A Pictorial  Atlas  of  Skin  Diseases  and  Syphilitic 

Affections,  In  71  photodithochromes  from  models  in  the  Museum  of  the 
Saint  Louis  Hospital,  Paris,  with  49  explanatory  Woodcuts,  and  text  by  E. 
Besnier,  A.  Fournier,  Tenneson,  Hallopeau,  Du  Castel,  Henry  Feulard, 
and  L.  Jacquet.  Authorised  English  Translation  edited  by  J.  J.  Pringle, 
M.B..  F.R.C.P.,  Physician  to  the  Department  for  Diseases  of  the  Skin  at 
the  Middlesex  Hospital,  London. 

In  one  Imperial  4to.  volume  (11"  x 15")  of  over  350  pages,  and  triple 
index  showing  (1)  List  of  Subjects,  (2)  List  of  Plates,  (3)  List  of  Authors  ; all 
alphabetically  arranged.  Half  Persia  leather,  flexible  back,  leather  tips, 
gilt  edges.  The  Plates  are  mounted  on  vegetable  parchment.  Price 
£7  7s.  On  easy  terms. 

“ In  all  these  plates  the  artistic  execution  is  uniformly  excellent.” — British 
Medical  Journal. 

"...  The  texture  of  the  skin,  as  well  as  the  characteristics  of  the  lesions, 
are  so  well  portrayed  as  to  leave  nothing  to  be  desired.  . . . We  have  rarely 
seen  a representation  of  skin  diseases  give  so  vivid  an  impression  of  the  actual 
condition.” — British  Jouriial  of  Dermatology. 

“It  is  truly  an  international  work,  which  bids  fair  to  mark  an  epoch  in  the 
study  of  skin  diseases.” — Diiblin  Journal  of  Medical  Science. 

ROBINSON  and  CRIBB  —The  Law  and  Chemistry  relating 

to  Food-  A Manual  for  the  use  of  persons  practically  interested  in  the 
administration  of  the  law  relating  to  the  Adulteration  and  Unsoundness  of 
Food  and  Drugs.  By  PI.  Mansfield  Robinson,  LL.D.  (Lond.),  and 
Cecil  H.  Cribb,  B.Sc.  (LondO,  F.I.C.,  F.C.S. 

Crown  8vo.  Cloth.  Price  8s. 

Synopsis. 

Introduction.  Importance  of  subjects  (1)  As  regards  health  ; (2)  Expendi- 
ture on  food  and  administration  of  the  law ; (3)  As  regards  commerce — 
suggested  amendments  in  the  law  and  its  administration. 

Fart  I. — Law  of  Adulteration  and  Unsoundness.  — A.  Adulteration. 
B.  Unsottndness.  C.  Civil  Remedies  for  Damages.  D.  Practical  Forms. 


The  Rehman  Publishing  Company,  Ltd. 
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Part  II. — Chapter  1.  : The  Aims  and  Objects  of  Adulteration,  Ostensible 
and  Real — Fashion  and  Fancy  in  Adulteration — The  Public  Taste — Recent 
Developments — The  General  Effect  of  Food  Legislation  up  to  the  present 
time.  Chapter  II.  : The  Relation  of  the  Public  Analyst  to  the  Local  Body 
appointing  him  and  to  the  General  Public — Hints  to  Food  Inspectors — Collec- 
tion and  Preservation  of  Samples— Analysts’  Certificates — Disputed  Cases — The 
Government  Referees. 

Part  III. — Chemistry. 

“ . . . The  chapters  are  sensibly  written,  clear  and  free  from  ambiguity  and 
exaggeration,  affording  a valuable  and  indispensable  collection  of  material  to 
those  engaged  in  the  operation  of  the  Food  and  Drugs  Act,  1875.” — Lancet. 

“ . . . This  able,  well-arranged,  and  very  useful  book  treats  the  subject  in  a 
fair  and  impartial  spirit.” — Pall  Mall  Gazette. 

ROSS— Intestinal  Intoxication  in  Infants.  By  F.  \V.  Forbes 

Ross,  M.D.  A short  and  practical  treatise,  well  up  to  date,  of  those  con- 
ditions usually  associated  with  Infantile  Diarrhoea,  Constipation,  Atrophy, 
Rickets,  etc.,  comprising  the  newest  Treatment  and  Methods  of  Feeding  ; 
and  which  ought  to  be  serviceable  and  useful  to  the  general  practitioner. 

Demy  8vo.,  about  150  pages.  Cloth.  Price  7s.  6d. 

‘‘Taken  on  the  whole,  we  have  nothing  but  the  highest  encomiums  to  bestow' 
on  this  little  book  ; it  is  one  that  is  w'orth  reading  and  re-reading.” — Quarterly 
Medical  Journal. 

SAJOUS’  Annual  of  the  Universal  Medical  Sciences. 

Five  Royal  8vo.  vols.  annually  in  the  set,  comprising  2,500  pages. 
Cloth.  87s.  the  set.  Single  vols.  at  21s.  net  each. 

fgg*  Just  Issued. 

SENN.— Tuberculosis  of  the  Genito  Urinary  Organs,  Male  and 

Female-  By  N.  Senn,  M.D.,  Ph.D.,  LL.D.,  Professor  of  the  Practice 
of  Surgery  and  Clinical  Surgery,  Rush  Medical  College  ; Attending 
Surgeon  to  the  Presbyterian  Hospital,  Chicago ; Surgeon-in-Chief,  St. 
Joseph’s  Hospital,  Chicago. 

Octavo  volume  of  317  pages.  Illustrated.  Price,  cloth,  17s. 

Tuberculosis  of  the  male  and  female  genito-urinary  organs  is  such  a fre- 
quent, distressing,  and  fatal  affection  that  a special  treatise  on  the  subject  at 
the  present  time  appears  to  fill  a gap  in  medical  literature. 

The  bacteriology  of  tubercular  affections  of  the  genito-urinary  tract  has 
received  due  attention.  The  modern  diagnostic  resources  employed  in  the 
differential  diagnosis  between  tubercular  and  other  inflammatory  affections  of 
the  genital  and  urinary  organs  have  also  been  fully  described. 

The  medical  and  surgical  therapeutics  of  the  affections  of  which  the  book 
treats  are  discussed  in  detail,  and  the  opinions  and  views  of  surgeons  of  large 
experience  have  been  freely  quoted.  In  appropriate  places  the  author  has 
related  the  results  of  his  own  extensive  clinical  observations. 

SENN— A Syllabus  of  Lectures  on  the  Practice  of  Surgery. 

Arranged  in  conformity  with  Keen  and  White’s  Textbook  of  Surgery. 
(See page  6.)  By  N,  Senn,  M.D.,  Ph.D. 

Oblong  8vo.  Limp  Cloth.  10s.  6d. 

“ We  have  small  blame  and  much  praise  to  offer  for  this  syllabus.” 

Liverpool  Medico-Chirurgical  Journal. 

N.B. — This  book  was  written  to  meet,  in  the  first  place,  the  requirements  of  the 
Teacher  of  Surgery  as  a short  Guide  to  aid  him  in  the  Lecture  Room  in  prose- 
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cuting  the  study  of  the  various  subjects  in  a systematic,  clear,  succinct,  and 
practical  manner.  On  the  other  hand,  the  Student  of  Surgery  who  during  his 
early  College  experience,  is  often  bewildered  by  what  he  hears  and  reads,  and 
who  keenly  experiences  the  want  of  something  which  would  enable  him  to  separate 
the  chaff  from  the  wheat,  will  find  that  this  little  book  meets  his  require- 
ments. Since  recitations  are  gradually  displacing  didactic  lectures,  this  Syllabus 
will  prove  of  special  value  for  this  mode  of  instruction,  as  well  as  the  prepara- 
tion of  the  student  for  the  final  examinations. 


*STARR— Diseases  of  Children,  including  Special  Chapters  on 

Essential  Surgical  Subjects.  Diseases  of  the  Eye,  Ear,  Nose,  and  Throat, 
Diseases  of  the  Skin  ; and  on  the  Diet,  Hygiene,  and  General  Manage- 
ment of  Children.  Edited  by  Louis  Starr,  M.D.,  and  60  Associates. 
Contributors:  John  Ashurst,  J.  M.  Da  Costa,  Barton  C.  Hirst,  H.  M. 
Lyman,  Chas.  K.  Mills,  F.  A.  Packard,  Wra.  Pepper,  J.  Lewis  Smith, 
Louis  Starr,  Jas.  Tyson,  J.  W.  White,  Jas.  C.  Wilson,  etc. 

In  two  parts,  Imperial  8vo.,  of  about  600  pages  each.  Profusely  illus- 
trated with  woodcuts  and  28  half-tone  and  coloured  plates.  Cloth.  Price 
complete  42s. 

“ Dr.  Starr  has  succeeded  in  his  aim  to  make  the  work  fresh,  comprehensive, 
and  authoritative,  and  we  have  not  failed  to  find  an  adequate  note  upon  the 
various  subjects  which  ought  to  find  a place  in  such  a work." 

British  Medical  Journal. 


SUTTON  and  GILES— The  Diseases  of  Women.  A Handbook 

for  Students  and  Practitioners  of  Medicine.  By  J.  Bland  Sutton, 
F.R.C.S.  Eng.,  Assistant-Surgeon  Middlesex  Hospital,  and  Surgeon  Chel- 
sea Hospital  for  Women,  London  ; and  Arthur  E.  Giles,  M.D.,  B.Sc. 
Lond.,  F.R.C.S.  Edin.,  Assistant-Surgeon  Chelsea  Hospital  for  Women, 
London. 

The  aim  of  this  book  is  to  furnish  students  with  those  principles  and  facts  of 
Gynaecology  which  will  enable  them  to  meet  the  requirements  of  the  examina- 
tion room  and  serve  as  a guide  in  practice. 

It  is  taken  for  granted  that  the  student  is  already  familiar  with  the  anatomy  of 
the  pelvic  viscera  and  the  physiology  of  the  reproductive  functions  ; hence 
these  subjects  are  dealt  with  very  briefly. 

The  work  is  arranged  in  the  following  order : I.  The  Anatomy  and  Physi- 
ology of  the  Reproductive  Organs;  II.  Methods  of  Examination;  III.  The 
Malformations  of  the  Genital  Organs  ; IV.  Diseases  of  the  Vulva  ; V.  Diseases 
of  the  Vagina  ; VI.  Diseases  of  the  Uterus;  VII.  Diseases  of  the  Fallopian 
Tubes  ; VIII.  Tubal  Pregnancy;  IX.  Diseases  of  the  Ovaries;  X.  Diseases 
of  the  Pelvic  Peritoneum;  XI.  Functional  Disorders;  XII.  Diagnosis  and 
Case-taking  ; XIII.  Vaginal  Operations  ; XIV.  Abdominal  Operations. 

In  one  crown  8vo.  volume  of  436  pages.  With  115  Illustrations  (mostly 
original)  in  the  text.  Cloth,  forril  back.  Price  14s. 

“.  . . Certain  to  be  well  received  by  the  medical  public." — British  Medical 
Journal. 

"We  feel  sure  it  will  become  a general  favourite.” — Quarterly  Medical 
Journal. 

“ Of  small  manuals  on  this  important  subject,  we  think  it  the  best  because 
the  most  suggestive.” — St.  George's  Hospital  Gazette. 

"This  is  a book  which  we  can  with  great  confidence  recommend. ” — The 

Hospital. 
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THRESH— Water  and  Water  Supplies.  By  J.  C.  Thresh, 

D.Sc.  Lond.,  M.D.  Viet.,  D.I’.H.  Camb.,  Medical  Officer  of  Health,  Essex 
County  Council ; Lecturer  on  Sanitary  Science,  King’s  College,  London  ; 
Fellow  of  the  British  Institute  of  Public  Health  ; Editor  of  the  “Journal 
of  State  Medicine,”  etc. 

Now  ready.  Second  Revised  Edition.  Crown  8vo.  Clotli.  Price  8s. 

Synopsis  of  Contents  : Characters  of  Waters  from  various  Geological  Sources 
— Lakes,  Rivers,  Shallow,  Deep,  and  Artesian  Wells,  etc. — Supplies  to  Cottages, 
Mansions,  Villages,  Towns— Pumps  and  Pumping  Machinery,  Turbines,  Water- 
wheels, Windmills,  Rams,  Gas,  Air,  and  Steam  Engines — Pollution  of  Water 
and  Effect  of  Impurities  upon  Health,  upon  Individuals  and  Communities  — 
Interpretation  of  Analyses — Significance  of  Nitrates,  Nitrites,  Chlorides,  Phos- 
phates, etc.,  and  of  the  Organisms  found  in  Water — The  various  Methods  of 
Purifying  and  Softening  Water. 

“ This  is  an  excellent  addition  to  the  literature  on  the  subject  of  water-supply. 
The  author's  main  object  is  to  give  those  who  are  interested  in  public  health 
questions  such  information  as  may  render  them  reasonably  competent  to  form 
an  opinion  as  to  the  sufficiency  of  an  existing  or  proposed  water-supply,  chiefly 
in  rural  districts." — British  Medical  Journal. 

“ It  gives  a full  and  adequate  account  of  everything  appertaining  to  drinking- 
water  and  water-supply.  Among  many  interesting  chapters  the  most  interest- 
ing generally  will  be  that  on  the  interpretation  of  water  analysis.  ...  It  is  a 
complete  and  very  scholarly  treatise  on  one  branch  of  public  health  work." 
— Lancet. 

“ This  treatise  was  recently  presented  by  its  author  as  a graduation  thesis 
at  the  University  of  Victoria,  atid  has  secured  for  him  the  gold  medal  at  the 
M.D.  Examination.  This  sufficiently  vouches  for  the  value  of  the  treatise,  and 
a careful  perusal  of  it  confirms  this  judgment.” — Public  Health. 

“ This  is  a remarkable  book.  . . . One  might  well  believe  that  parts  of  the 
book  were  written  by  members  of  several  professions,  for  Dr.  Thresh  seems 
equally  happy  whether  the  subject  of  engineering,  bacteriology,  geology, 
chemistry,  medicine,  or  (that  rarest  of  all)  common  sense — c.g. , his  chapter  on 
wells.  . . .” — Journal  of  the  Sanitary  Institute. 


*VIERORDT— Medical  Diagnosis.  By  Dr.  Oswald  Vierordt, 

Professor  of  Medicine  at  the  University  of  Heidelberg.  Translated  from 
the  German  by  Francis  H.  Stuart,  A.M.,  M.D. 

Third  and  Revised  Edition.  Royal  8vo. , 700  pages.  178  coloured  and 
black  and  white  Illustrations.  Cloth.  Price  24s. 

“ It  is  a book  which  cannot  fail  to  be  of  the  greatest  utility,  not  only  to  the 
clinical  student,  but  also  to  the  teacher  and  to  the  practitioner  of  medicine.” 
— " Lancet"  Review  of  the  German  Edition. 


WARREN  — Surgical  Pathology  and  Therapeutics.  By  John 

Coi.lins  Warren,  M.D.,  Professor  of  Surgery,  Medical  Department,  Har- 
vard University. 

Synopsis  of  Contents. 

Part  I.  Bacteriology— Surgical  Bacteria—  Hypercemia— Simple  Inflamma- 
tion— Infective  Inflammation — The  Process  of  Repair — Gangrene — Shock — 
Fever — Surgical  Fevers— Septicaemia — Pyaemia — Erysipelas. 
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Part  II.  Hospital  Gangrene — Tetanus — Hydrophobia— Actino-mycosis — 
Anthrax — Glanders-Snake-bite — Tuberculosis — Surgical  Tuberculosis  of  Joints 
—Tuberculosis  of  the  Soft  Parts— Diseases  of  Bone— Tumours— Carcinoma — 
Sircoma — Benign  Tumours — Aseptic  and  Antiseptic  Surgery. 

APPENDIX.  Blood  Serum  Therapy  in  Rabies — Tetanus — Treatment  of  Cancer 
— Methods  of  Preparing  Erysipelas  Toxine — Examination  of  Tumours— Staining 
Methods — Tumours — So-called  Parasites  of  Cancer— Decalcification  of  Bone. 

In  two  volumes.  Royal  8vo.,  of  over  400  pages  each.  With  135  Illustra 
tions,  most  of  which  are  Coloured  Lithographs,  printed  in  the  text,  drawn 
from  Original  Specimens  by  Mr.  Wm.  J.  Kaula.  Price  complete,  Half 
Persia,  42s. 

“ . . . The  whole  work  has  been  carefully  written.  The  printing  and  paper 
are  excellent,  and  a good  index  is  supplied.  . . .” — Lancet. 

“ . . . Certainly  no  effort  has  been  spared  to  render  this  a thoroughly  com- 
prehensive text-book  of  surgical  pathology,  and  whether  used  for  examination 
purposes  or  as  a guide  in  practical  work,  it  will  be  found  a reliable  epitome  of 
the  most  recent  additions  to  this  science.  . . .” — British  Medical  Journal. 


^WILSON— A Text-Book  of  Applied  Therapeutics,  for  the  use 

of  Practitioners  and  Students.  Edited  by  J.  C.  Wilson,  M.D.,  Pro- 
fessor of  the  Practice  of  Clinical  Medicine  in  the  Jefferson  Medical  College, 
attending  Physician  to  the  Hospital  of  the  Jefferson  Medical  College,  to  the 
German  Hospital,  and  to  the  Pennsylvania  Hospital,  Philadelphia;  assisted 
by  Augustus  A.  Eshner,  M.D.,  Professor  of  Clinical  Medicine  in  the 
Philadelphia  Polyclinic,  attending  Physician  to  the  Philadelphia  Hospital. 

Among  the  forty-two  contributors  to  this  great  work  are  the  following: 
Sanger  Brown,  M.D.  ; John  B.  Chapin,  M.D.  ; J.  C.  Da  Costa,  M.D.  ; F.  X. 
Dercum,  A.M.,  M.D.  ; George  Dock,  A.M.,  M.D.  ; John  GuitCras,  M.D.  ; 
Ernest  Laplace,  M.D.  ; A.  Laveran,  M.D.  (Paris);  William  Osier,  M.D., 
F.R.C.P.  ; Theophilus  Parvin,  M.D.,  LL.D.  ; Beavan  Rake,  M.D.  (Trinidad)  ; 
Louis  Starr,  M.D. ; Victor  C.  Vaughan,  M.D.,  Ph.D.  ; Jas.  T.  Whittaker,  M.D. 

Extract  from  Preface.  — “The  extension  of  knowledge  by  research  and 
the  verification  of  facts  by  comparison  and  experiment  are  among  the  objects  of 
the  Medical  Sciences  ; but  the  aim  of  Medicine  is  the  application  of  knowledge 
to  the  prevention,  cure,  and  alleviation  of  disease.  This  book,  written  from  the 
standpoint  of  the  practitioner,  will  contribute,  it  is  hoped,  to  that  aim.  Its 
design  is  to  facilitate  the  application  of  the  results  of  the  labours  of  the  investi- 
gator to  the  uses  of  the  practising  physician.” 

In  two  Imperial  8vo.  volumes  of  about  700  pages  each.  Copiously  Illus- 
trated with  Woodcuts  and  many  Half-tone  Plates.  Price  complete,  42s. 

“The  book  may  be  recommended  as  a thoroughly  practical  work,  and  not 
too  elementary  even  for  experienced  practitioners.” — British  Medical  Journal. 


YEARSLEY— Injuries  and  Diseases  of  the  Ear.  Being  various 

Papers  on  Otology.  By  Maclf.od  Yearsley,  F.R.C.S. 

Crown  8vo.  About  56  pages.  Cloth.  2s. 

ZUCKERKANDL  — Atlas  of  Operative  Surgery.  By  Dr.  O. 

Zuckerkandl,  of  Vienna.  Edited  by  J Chalmers  da  Cos'ia,  M.  D., 
Professor  of  Surgery,  Jefferson  Medical  College,  Philadelphia. 

24  Coloured  Plates  and  217  Illustrations  in  the  text.  [///  preparation. 
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PERIODICALS. 

Archives  of  the  Roentgen  Ray.  A Quarterly  Journal  in  which  the 

Transactions  of  the  Roentgen  Ray  Society  of  London  are  officially  reported. 
Edited  by  W.  S.  Hedley,  M.D.,  M.R.C.S.,  and  Sydney  Rowland. 
M.A.,  M.R.C.S. 

Royal  4to.  Price  per  part  4s.  net. , 3d.  for  postage  ; 16s.  per  year  post 
paid. 


Journal  of  Laryngology,  Rhinology,  and  Otology.  An  Analytical 

. Record  of  Current  Literature  relating  to  Throat,  Nose,  and  Ear.  Issued 
monthly. 

Subscription,  £1  (5  dollars)  per  year  in  advance,  post  free.  Single 
copies,  2s, 


Transactions  of  the  Meetings  of  the  British  Laryngological 

Association  from  1891  to  1894- 

Each  volume  bound  in  Cloth,  2s.  6d.  net. 


Treatment.  A Journal  of  Practical  Medicine  and  Surgery.  Published 

every  second  and  fourth  Thursday  of  the  month. 

Subscription  for  12  months,  Ss.  ; for  6 months,  5s. ; post  free.  Abroad, 
12s.  or  S3. 00.  Single  copies,  6d.  Specimen  number  free  on  application. 


SPECIALITIES. 

PURE  CALP  LYMPH  in  tubes  at  Is.  Free  Sample  Tube 

sent  to  any  medical  man  on  receipt  of  card.  (See  back  cover.) 

RAPID  ANALYSIS  BY  THERMOMETER.  (Parker 

Smith  Method.)  Urea,  Ammoniacal  Salts,  Alcohol.  One-minute  Analyses. 
Simplest,  cheapest,  most  rapid  and  satisfactory  of  all  analytical  methods. 
No  chemistry  required.  Nearly  all  the  experiments  can  be  performed  in 
one  minute,  and  almost  without  cost  or  waste.  Price  6s.  complete. 


ALL  ANATOMICAL  MODELS  (Papier-mache)  Cata- 

logue sent  on  application. 

THE  REBMAN  PUBLISHING  COMPANY.  Ltd. 


Registered  Telegraphic  Address:  “SQUAMA,  London." 


SPECIMEN  PACE  FROM  FREYBERCER’S  “ POCKET  FORMULARY.” 

(See  page  3 of  catalogue.) 

Belladonnse  Extractum.  25 


BELLADONNA  EXTRACTUM  (OFF. ).  Atropa  bella- 
donna. N.O.  Atropacere. 

Properties.  A green  extract  made  of  the  expressed  juice 

of  the  fresh  leaves  and  young  branches  ; has  a 
bitter  taste.  Active  principles:  atropine. 

Use.  Used  externally  as  local  anodyne  and 

antispasinodic  ; internally  as  a cerebral, 
spinal,  cardiac,  and  pulmonary  sedative ; an- 
hydrotic  and  antispasmodic. 

Therapeutics.  Useful  in  the  treatment  of  anal  fissure,  tenes- 
mus, and  perniones  ; pertussis,  laryngismus 
stridulus,  asthma,  dysentery,  follicular  enteritis, 
spastic  constipation,  colic,  and  lead  colic.  Has 
the  same  mydriatic  action  as  atropine.  Children 
bear  belladonna  better  than  adults. 


Dose.  gr.  fa  to  -jV  (0 ‘001-0 ’002)  to  a child  3 to  4 

months  old  ; 

gr.  fa  to  fa  (0 ‘002-0 ‘004)  to  a child  4 to  6 
months  old ; 

gr.  -J-  (0‘008)  to  a child  1 year  old  ; 
gr.  £ (0‘016)  2 to  3 years  old  ; 

gr.  | (0‘03)  ,,  of  5 years,  for  an  initial 

dose  ; the  doses  to  be  increased  slowly. 
Highest  doses  pro  die  : 
gr.  \ (0‘01)  for  a child  6 months  old  ; 

gr.  £ (0‘024)  ,,  1 year  old  ; 

gr.  I (0‘03)  ,,  2 years  old  ; 

gr.  f to  1 (0‘048-0‘06)  for  a child  4 years  old  ; 
gr.  1 to  l£  (0‘06-0‘l)  for  a child  5 to  6 years 
old. 

After  5 years  of  age  the  tolerance  of  bella- 
donna diminishes  gradually. 

Incompatibles.  The  chief  incompatibles  are  tannic  acids  and 
tannates. 


Correction  of  The  taste  of  gr.  1 of  the  extract  is  disguised  by 
Taste.  min.  2 of  spirit,  chloroform,  or  min.  5 of  syr. 
aurantii. 


Formulae. 


Ext.  belladonn.,  gr.  £. 
Spir.  chlorof.,  min.  2. 

Aq.  destillat.,  ad  dr.  1. 

S.  : Three  times  a day. 

For  a child  1 year  old. 
(Hospital  for  Sick  Children.) 


1^;.  Ext.  belladonn.  gr.  £ to 
Butyr.  cacao,  dr. 

S.  : Suppository. 

For  a child  1 to  3 years 
old. 

Tenesmus,  fissura  ani. 


B;.  Ext.  belladonn.,  gr.  £. 

Ferr.  carbon,  sacch.,  gr.  15. 

Sacch.  lactis,  dr.  £. 

M.  f.  p.  divide  in  part,  sequal.  No.  10. 
S.  : One  powder  at  bedtime. 

For  a child  4 years  old. 

Morphine,  eserine,  pilocarpine. 


Antidotes. 


'■ 


